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LETTER OF TRANSMITTAL. 



Department of the Interior, 
United States Geological Survey, 

Washington^ D. C, November S^ 190^, 

Sir: I have the honor to transmit herewith the manuscript of a pre- 
liminary report on a ''Resurvey of the Cripple Creek district of Colo- 
rjido," by Messrs. Waldemar Lindgren and F. L. Ransome, under my 
general supervision. 

Although only ten years had elapsed since a careful study of the 
geology of this district was made by Messrs. Cross and Penrose, the 
people of Colorado had been so strongly impressed with the economic 
importance of a scientific examination of the ground opened by mining 
openitions during that period, that they urgently requested this resur- 
vey and have materially assisted in its execution. 

The present report, made in advance of the final laboratory exami- 
nations, is a summary of those facts that bear upon the economic 
development of the region and are of immediate importance to the 
miners. I therefore request that it l>e published with the least possi- 
ble delay, that its results may be promptly available to all interested 
in the region. 

Very respectfully, 

S. F. Emmons, 

Geologist in Charge Section, of MetaUiferaus Deposits, 

Hon. Charles D. Walcott, 

Dirtctoi' United States Geological Survey. 






REPORT OF PROGRESS IN THE GEOLOGICAL RESURVEY 
OrTHE CRIPPLE CREEK DISTRICT, COIORADO. 



By Waldemar Lindgren and Frederick Leslie Ransome. 



rNTRODirCTION. 

The Cripple Creek gold deposits were divscovered in 1891. Shortly 
afterwards, in 1894, an examination of the new district was undertaken 
b}' the United States Geological Survey, Mr. Whitman Cross having 
charge of geology and petrography and Mr. R. A. F. Penrose, jr., 
undertaking the examination of the mines. Their report, accompanied 
by a geological map, was published in the Sixteenth Annual Report of 
the Geological Survey, Part II, pages 1-207, and has for the last ten 
years served as a useful and accurate geological guide to mining 
operations. 

With the astonishingly rapid development of the Cripple Creek 
mines the opportunities for geological study multiplied, revealing 
great complexity of vein phenomena and stimulating a desire for fur- 
ther investigation, particularly with a view of obtaining some evidence 
as to the persistence of the veins in depth. This desire found expres- 
sion in a request by citizens of Coloiudo for a reexamination of the 
district by the United States Geological Survey and in an offer of 
cooperation, whereby the cost would be equally divided between the 
State of Colorado and the National Survey. The nexjessary amount 
having been subscribed in Cripple Creek, Colorado Springs, and Den- 
ver, the State contribution was put in the hands of Mr. John Welling- 
ton Finch, State geologist of Colorado, and by him disbursed. The 
cordial thanks of the geologists in charge of the work are due to Mr. 
Finch for his hearty and efficient cooperation. 

The reexamination began with a thorough revision of the topographic 
map of Cripple Creek by Mr. R. T. Evans, Mr. E. M. Douglas in 
charge. This involved a great deal of painstaking work, nearly every 
prospect hole being located, as well as all shafts and tunnels. The 
new map is on the scale of 1:19,495, or about 2i inches to the mile, 
and includes practically the same area as the old map, a small strip 
only being added on the western side, so that the total area mapped is 
about 40 square miles. The small developments outside of this area 
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(lid not seem to justify further extensio'o dt Ihe boundaries. Contours 
are 50 feet apart, and a numbered list of 324 mines is given on the 
margin of the sheet. A liner jof/jCc5urate levels was run to Cripple 
Creek from Colorado Spdhge, thus settling the conflicting data of the 
different railroads. .* \ ' ; • ' * 

The geological'^^n^ "mining work was undertaken jointly by the 
authors of th'i]|5i^ jjrfiJhminary report. The examination began in June, 
1903, ajjd^- ^ithT some interruptions, due to various causes, the field 
wgd6.W3^ concluded in April, 1904. Practically every accessible mine 
in.*^hfe tfistrict was examined in greater or less detail. Mr. L. C. Gra- 
ton* served as assistant throughout this time, actively participating in 
all branches of the work. Messrs. A. M. Eock and J. Bruce also 
rendered very efficient aid as draftsmen. 

PBOBUCTION. 

Though situated close to the centers of population in Colorado and 
in an easily accessible region, the gold deposits of Cripple Creek were 
not discovered until 1891. To a great extent the lateness of the dis- 
covery was due to the extremely inconspicuous character of the vein 
croppings and to the equally inconspicuous appearance of the dark- 
brown, powdery gold set free by the oxidation of tellurides. As soon 
as the true character of the veins was ascertained the development of 
the district proceeded i-apidly. In 1894, when the first survey was 
made, the production was a little less than $3,000,000, but the next 
year this amount was more than doubled, and in 1900 the maximum 
production of a little over $18,000,000 was attained. In 1901 and 
1902 the production declined slowly, and dropped the next year to 
$13,000,000. The sudden decrease in 1903 was to some extent brought 
about by the impoverishment of several mines, but the labor troubles 
of that year had also much to do with it. From August, 1903, to 
the sununer of 1904 many mines experienced more or less difficulty 
from this cause. It is probable, however, that the output for the 
current year will show a considerable increase over that of 1903. 
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Produdum of (he Cripple iW^k dhtricl according to the rejtorts of the Diredtrr of the Mlnt,<* 



Year. 


Gold. 


Silver. 


1891 


$449 

583, 010 

2, 010, 367 

2, 908, 702 

6, 879, 137 

7, 512, 911 

10, 139, 709 

13, 507, 244 

15, 658, 254 

18, 073, 539 

17, 261, 579 

16, 912, 783 

12, 967, 338 


Fine ounces. 


1892 




1893 


5,019 
25,900 
70,448 
60,864 
57,297 
68,195 
82,520 
80,166 
90,884 
62,690 
42, 210 


1894 


1895 

1896 


1897 


1898 


1899 


1900 


1901 


1902 


1903 

Total 


124, 415, 022 


646,193 



The total dividends can not be ascertained on account of the many 
individuals and small companies operating in the district. The divi- 
dends of the larger companies, it is stated, amounted to $32,752,000 to 
the end of 1903. In that year it is reported that $1,716,000 was paid 
by fourteen mines, Portland, Strong, and Stratton's Independence 
leading, with $360,000, $300,000, and $250,000, respectively. 

MIKTN^G AND METAIiliURGY. 

At the present time there are about 300 mines in the district, though 
many of these are idle and others are consolidated into larger proper- 
ties. The number of shafts 1,000 feet or more in depth is about 22; 
of these the Lillie is the deepest, having attained 1,500 feet. Compar- 
atively few of the mines are pumping, the district being drained by 
tunnels, as will be described in a following paragraph. The motive 
power for hoisting is ordinarily steam, electric power being used only 
in smaller shafts. The mining methods employed present few features 
of particular interest. The width stoped ranges from 3 to 50 feet or 
more. The stopes are sometimes filled, but are often left open after 
the broken rock between levels has been drawn off. Operations are 
facilitated by the great hardness of the rock, stopes 200 feet or more 
in height sometimes standing for years. To an annual production of 
$18,000,000 (1900) corresponded a maximum output of about 600,000 
tons. The ores are not adapted to concentrating by ordinary means. 



aThe flfnirefl given In the Mint reportK are ronHlderably lower than those usually quoted In mining 
jooniaLs and popular deecriptlons of the district. 
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Hand sorting and washing, the latter in order to separate the fines, are 
the methods employed. More care is now taken than formerly, but 
at many places there is still room for improvement. 

The district contains many large mines operated by strong compa- 
nies, but the system of ItMising to individuals and small companies, with 
royalty charges of 15 to 25 per cent of the net output, remains a 
conspicuous feature. At the present time the mines of the north- 
western and northeastern parts of the district are only slightly pro- 
ductive. Among the formerly highly productive mines in this section 
may be mentioned the Victor, Isabella, Wild Horse, Damon, Logan, 
Orpha May, Pharmacist, C. O. D., Gold King, and Anchoria-Leland. 
The southwest quarter of the district contains the active and impor- 
tant El Paso, Mary McKinney, and Elkton mines, but the maximum 
output during the last few years has come from the southeastern por- 
tion, within which are the Portland, Gold Coin, Ajax, Strong, Golden 
Cycle, Vindicator, and Last Dollar mines. The Portland mine has for 
some time been the heaviest producer in tonnage as well as in value. 
Its output is from 60,000 to 90,000 tons per annum. In 1903 this 
mine produced $2,600,000. 

The metallurgical history of the camp is interesting. Beginning 
with local amalgamating mills, the practice soon changed to local 
chlorination and cyanide plants. It was soon found, however, that 
better situations would be found in the valleys, and at present a very 
large part of the tonnage is shipped to chlorination and cyanide works 
at Coloi'ado City and Florence. About a sixth of the output, com- 
prising the higher grade ores, is sent to smelting works at Denver 
or Pueblo. A still smaller amount is treated in a local chlorination 
plant near Victor. While in former years the practice leaned more 
toward the cyanide process, the bulk of the ore is now treated in large 
chlorination mills with automatic roasters and revolving barrels. It 
has always been found necessary to roast all except the completely 
oxidized ores. At the present time there are in the district two small 
mills in which the cyanide process is used without previous roasting, 
and which are thus enabled to work ores containing as little as $5 a 
ton in gold. The extent of these low-grade ores is not yet fully 
demonstrated. Regarding the value of the ore, see page 21. 

Treatment charges at the mills fluctuate somewhat, but usually mnge 
from $7 to $13 a ton, according to the tenor of the ore; in the early 
part of 1904: the prices were reduced, it is reported, and ranged from 
$5. 50 to $10 per ton. Recently they have again been increased. On the 
whole the mining and milling expenses are very high at Cripple Creek 
compared with those of other localities — western Australia, for exam- 
ple, where similar ores and conditions prevail. Few of the large 
mines seem to have reduced total expenses below $16 per ton. 
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TOPOGRAPHT. 

The mines are situated in a group of bare, rounded hills forming 
part of the high plateau extending south westward from Pikes Peak, and 
are only about 10 miles distant from that prominent landmark. The 
elevations range from 9,000 to nearly 11,000 feet above sea, the highest 
point in the district being Trachyte Mountain (10,863 feet). Bull 
Hill and Bull Cliff are but slightly lower. The drainage is chiefly 
southward toward the Arkansas River. The district contains two 
important towns. Cripple Creek is situated on the northwest side of 
the producing area, while Victor, 3 miles distant, lies on the south- 
west edge of the same area. Two railroads connect the district with 
Colorado Springs, the Colorado Midland circling around the north 
side of Pikes Peak, while the Short Line descends to the valley along 
the picturesque eastern slope of the same mountain. The Florence and 
Cripple Creek Railroad inns southward to Florence in the Arkansas 
Valley. An excellent system of electric-car lines connects the towns 
with all the important mines. 

GENERAI. GEOIiOGY. 

FIRST GEOIXKIICAL SURVEY OF THE DISTRICT. 

When Mr. Whitman Cross made his careful study of the geology of 
the Cripple Creek district, ten years ago, mining had barely begun 
and the various hills were not, as now, perforated by deep under- 
ground workings. That his work has in general stood the test of 
subsequent undergi'ound exploration and continues to be highly 
regarded in the district is convincing proof of its high quality. Later 
workers, however they may modify or amplify his results, should 
acknowledge their debt to the pioneer who first deciphered the 
history of this volcanic distric^t. The account of general geology, as 
given b}' Cross, may be very briefly summarized as follows: 

The Cripple Creek hills lie near the eastern border of an elevated 
and much dissected plateau which slopes gently westward for 40 
miles, from the southern end of the Colorado Range, dominated by 
Pikes Peak, to the relative!}' low hills connecting the Mosquito and 
Sangre de Cristo ranges. The prevailing rocks of this plateau are 
granites, gneisses, and schists. The granites inclose masses of Algon- 
kian quartzite and are therefore post-Archean. But they are older 
than the only Cambrian sediments known in Colorado, and on the 
Cripple Creek map have been indicated as Algonkian. During 
Tertiary time volcanic eruptions broke through these ancient rocks at 
several points and piled tuffs, breccias, and lavas upon the uneven 
surface of the plateau. The eniptive rocks of the Cripple Creek 
district are the products of one of the smaller isolated volcanic centers 
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of this period, a center characterized by the eruption of phonolite, 
which does not occur elsewhere in this general region. 

The most voluminous products of the Cripple Creek volcano now 
preserved are tuffs and breccias. They occupy a rudely elliptical 
area in the center of the district, about 5 miles long in a northwest- 
southeast direction and about 3 miles wide. According to Cross these 
breccias and tuffs rest in part upon an earlier flow of andesite, but 
mainly upon an unevenly eroded surface of the granites and schists, 
although along the southwest edge of the area the contact was found 
to be so steep as ''to support the idea that the central vent or vents of 
the volcfano were adjacent to this line." The breccia is much indurated 
and altered, but was thought by Cross to consist mainly of andesitic 
fragments, although it was recognized that fragments of phonolite are 
locally abundant. The most characteristic massive rock of the Cripple 
Creek volcano is phonolite, which was erupted at several periods and 
more abundantly than any other type. It occurs as dikes and masses, 
not only in the breccia but in the surrounding granitic rocks. 

The general succession of igneous rocks, according to Cross, is as 
follows: The earliest rocks were andesites containing some orthoclase. 
Then came a series of allied phonolitic rocks, rich in alkalies and mod- 
erately rich in silica, together with some andesites. Among them are 
trachytic phonolite, nepheline-syenite, syenite-porphyry, phonolite, 
mica-andesite, and pyroxene-andesite. Phonolite was erupted at sev- 
eral periods. The nepheline-syenite he considered as probably younger 
than the trachytic phonolite. At the close were intruded a small num- 
ber of narrow dikes of basic rocks, the so-called basalts, which contrast 
very markedly with the phonolite. 

MODIFICATIONS OF EARLIER RESULTS. 

In the course of the present investigation the geology of the 
district has been entirely remapped upon the carefully revised topo- 
graphic base. The granites, gneisses, and schists have been differen- 
tiated and outlined in greater detail than was practicable in the earlier 
investigation. The oldest rocks in the district are muscovite- and 
fibrolite-schists. These are closely associated with the fine-grained 
granitic gneisses such as underlie most of the town of Cripple Creek. 
This gneiss, in the earlier report, was mapped partly as schist and 
partly as granite. Both gneiss and schist are cut by a reddish granite 
which occupies a considerable area extending from Anaconda west- 
ward beyond the limits of the area studied. This granite is well 
exposed along Cripple Creek in the vicinity of Mound. 

A second type of granite distinguished and mapped is the coarsely 
porphyritic rock referred to by Cross as the Pikes Peak type of granite. 
This rock occupies over half of the district and is the prevailing type 
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along the northern, eastern, and southern borders of tub area. It is 
well exposed on Squaw Mountain and is the granite of the El Paso, 
Elkton, Ajax, Portland, Independence, and Gold Coin mines. Of 
these two kinds of granite the Cripple Creek variety is probably the 
younger. The Cripple Creek gianite, the gneiss, and the schist 
together form a wedge-shaped area projecting into the Pikes Peak 
granite from the west. The center of volcanic disturbance practically 
coincides with the point of this wedge. 

The present investigation indicates some necessary modifications of 
the earlier report in the way of stronger emphasis on the intimate 
genetic relationship of the rocks. The "phonolite," "nepheline- 
syenite," "trachytic phonolite,". ''syenite-porphyry," and "andesites" 
of Cross are all very closely related and have been found to be in most 
cases connected by intermediate types. They are clearly all slightly 
divergent eruptive f acies ofv one general magma characterized chemi- 
cally by containing from 9 to 15 per cent of potash and soda, the soda 
being always somewhat higher than the potash, particularly when the 
comparison is made by molecular ratios. None of the massive rocks 
can properly be called andesite, and although it can not be affirmed 
that andesitic fragments are entirely absent from the usually much 
altered volcanic breccia, the term "andesitic breccia" does not seem 
applicable to this formation as a whole. It would be more accurate to 
describe it as a phonolitic breccia, although in places it consists chiefly 
of particles of the older rocks through which the Tertiary eruptives 
broke. 

None of the massive rocks erupted from the Cripple Creek volcanic 
center and now preserved in the district show any evidence of having 
been surface flows. They are for the most part intrusive porphyries, 
ranging in texture, however, from the granular so-called nepheline- 
syenite near the town of Independence to the nearly aphanitic phono- 
lite of the smaller dikes and sheets. Most of them will come under 
the designations phonolite, trachytic phonolite, trachydolerite, and 
alkali-syenite. The extensive underground workings show that the 
"nepheline-syenite" does not cut the ''trachytic phonolite," but that 
the two rocks represent textural and, to some extent, mineralogical 
facies of the same mass, while the trachytic phonolite in turn may pass 
into phonolite. The trachytic phonolite is in some instances cut by 
dikes of phonolite, showing, as Cross has already pointed out, that the 
phonolitic intrasions were not all synchronous. 

While it is undoubtedly true that much of the breccia in the north- 
eastern part of the volcanic area rests upon a very uncv^en surface of 
granite, gneiss, and schist, the results of field work during the last 
season, favored by deep workings not in existence when the district 
was originally surveyed, have emphasized the fact that the breccia 
lying southwest of a general northwest-southeast lina di:^y(\i tiacttvsj^ 
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Big Bull Mountain and Gold Hill occupies a chasm of profound depth 
in the fundamental rocks of the region. From the Conundrum mine 
on the western slope of Gold Hill to Stratton's Independence mine on 
the south slope of Battle Mountain the contact plunges steeply down, 
with dips ranging in general from TO*' to vertical. In some instances 
the granite walls of this chasm actually overhang the brecxjia. It is 
probable that this entire southwest contact represents a part of the 
wall of the great pit formed by the volcanic explosions that produced 
the breccia. It is further probable that an arm or branch of this 
volcanic abyss, rfow filled with breccia and intrusive rocks, extends 
northeastward past Bull Cliff and the town of Altman. 

BCOKOMIC GEOIiOGY. 

EARLIER WORK. 

To the excellent work of Mr. R. A. F. Penrose, jr., apply statements 
similar to those made in the discussion of the purely geological branch 
of the subject. Few shafts had then attained a depth of 400 feet, and 
most of the exposures were masked by surface oxidation. It would 
be surprising, in view of the facilities created by the later develop- 
ment of hundreds of mines, if a subsequent investigation should not 
bring out some slight modifications of earlier results. 

EXTENT OF PRODUCTIVE TERRITORY. 

There is nothing in the history of the district since 1894 warranting 
any extension of the bounds of the productive territory as then known. 
Now, as then, a circle of 3 miles radius described from the summit of 
Gold Hill would include all deposits of known or prospective value, 
while the really important mines would be embraced by a circle of about 
half that radius, with its center near the summit of Raven Hill. That 
scattered deposits of greater or less value may be found in outlying 
portions of the district is by no means improbable. But the close 
dependence of the typical Cripple Creek ores upon the main volcanic 
center, and the consequent remarkable compactness of the gold-bearing 
area, are features highly characteristic of the district and are likely 
always to remain so. 

The greater part of the ore has undoubtedly come from the central 
area of breccia, particularly from that pail of this area in which the 
breccia extends to great depth. Very productive ore bodies have 
been found, however, in the granitic rocks, usually within 1,000 feet 
of the steep contact limiting the breccia on the southwest. The im- 
portant Beacon Hill mines, with ore l>odies nearly three-quarters of a 
mile from this contact, are exceptional, and are probably genetically 
connected with the intrusive mass of phonolite forming the core of 
the hm. 
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UNDERGROUND DEVELOPMENT. 

At the time of the earlier survey the deepest shafts, those of the 
Moose, Pharmacist, and Anna Lee mines, were down only about 400 
feet, while few of the other mines were over 200 feet in depth. Many 
subsequently prominent mines were then mere prospects or had not 
been located. 

The deepest shaft at present is the Lillie, which is over 1,500 feet 
deep, although the Stratton's Independence shaft, 1,400 feet deep, has 
the lowest sump in the district. The American Eagle shaft is nearly 
as deep as the Li Hie, while there are about twenty other shafts over 
1,000 feet in depth, and at least 100 shafts deeper than the deepest 
workings existing in 1894. As regards absolute elevations, the Gold 
Hill shafts are scarcely down to a level of 9,000 feet above sea; the 
Elkton, El Paso, and Lillie shafts descend to 8,750 feet; Stratton's 
Independence reaches the lowest level at 8,450 feet; while the Gold 
C!oin shaft, at 8,550 feet, is of interest from the fact that the deepest 
ore shoot in the district is now being stoped from its twelfth level. 

The amount of drifting and crosscutting accomplished since the 
earlier survey is more than commensurate with the increased number 
and depth of the shafts, and the district is further intersected in vari- 
ous directions and at different levels by two long tunnels run for 
drainage purposes and by a dozen or more extensive adits, many of 
which have their portals in the granitic rocks and extend well into the 
central part of the breccia area. 

BRIEF REVIEW OF THE MINES. 

The productive district, as stated above, is practically covered b}'^ the 
area of a circle 3i miles in diameter. The center of this circle would be 
located halfway between Raven Hill and Bull Hill, and the towns of 
Cripple Creek, Victor, and Cameron would be situated on its peripher3\ 
A very few^ mines— notably the Galena and the Fluorine — and many 
prospects lie outside of this area. 

The culminating points of the district are found in a ridge of high 
and bare hills that extends in a northwest-southeast direction and 
divides the waters flowing into Cripple Creek and Wilson Creek on the 
southwest from those joining Spring Creek and Grassy Creek on the 
north. From northwest to southeast the following hills mark this 
divide: Mineral Hill, Carbonate Hill, and Tenderfoot Hill, north 
or northeast of Cripple Creek; Glo])e Hill, Ironclad Hill, and Bull 
Hill, the latter being near the center of the district and equidistant 
from Cripple Creek and Victor; the ridge is continued by Bull Cliff 
and Big Bull Mountain, the latter, really outside of the productive 
area, being the highest point in this dividing range of hills. Its ele- 
vation is 10,826 feet. Three long spurs project to the tio\xtVvv{^^i tt^va. 
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the dividing range separating the deep trenches of Cripple Creek, 
Squaw Gulch, Arequa Gulch, and Wilson Creek; the first, called Gold 
Hill, rises directly east of Cripple Creek; the second is Raven Hill, 
being continued to the southwest by the lower spur of Guyot and 
Beacon hills; the third is Battle Mountain, continued by the almost 
equally high salient of Squaw Mountain. 

The important mines are situated in«this region of sharply accentu- 
ated topography. As has been several times emphasized, the volcanic 
area practically coincides with the hills and ridges just described and 
is surrounded on all sides by granitic rocks. 

Globe and Ironclad hills and Gold and Raven hills consist chiefly of 
heavy masses of breccia, and were scenes of great activity during the 
early years of the district. Near Poverty Gulch, just northeast of 
Cripple Creek, is the Abe Lincoln, not a large mine, but still actively 
worked with satisfactory results. Higher up are the Gold King, with 
dividend records of $150,000, and the C. O. D., with a reported pro- 
duction of $600,000 and dividends of $150,000. Both were idle in 1904 
and have attained their eighth or ninth levels. 

On the sunmiit of Globe Hill are the Stratton properties of Ply- 
mouth Rock and Globe mines, in which extensive low-grade mineraliza- 
tion without many sharply defined veins seems to be the rule. 
Adjoining is the property of the Homestake Company, including the 
Ironclad mine, where direct cyaniding of oxidized surface ores is now 
carried on in a mill erected on the property. 

Gold Hill is crowned by the Anchoria-Leland mine, with a produc- 
tion of over $1,000,000 and dividends of $198,000. The shaft is 1,100 
feet deep. The adjoining Moon-Anchor has paid dividends of $261,000, 
and the Half Moon (Matpa G. M. Co.) has a gross production of $650,000 
to its credit, but is reported to have paid only a small amount in divi- 
dends. None of these mines is being worked at present, except on a 
small scale by lessees. 

On the western slope is the Midget mine, actively worked at present, 
with a depth of 800 feet, a total production of $662,000, and dividends 
of $195,000. The Conundrum, in the same vicinity, is likewise worked 
with good results to a depth of 600 feet. The Midget, like the mines 
described above, follows a vein in breccia, while the Conundrum is min- 
ing on a "basalt" dike m granite, close to the contact of the breccia. 

In the deep gulch between Gold Hill and Raven Hill are situated 
the Anaconda, Doctor-Jack Pot, and Mary McKinney mines, all work- 
ing on sheeted zones forming lodes in the breccia. The Anaconda pro- 
duced about $1,000,000, chiefly from upper levels, and is now idle. 
The Mary McKinney is one of the most successful mines worked at 
present in the district. Its depth is 600 feet. The Doctor-Jack Pot 
has $4,000,000 to its credit and likewise a handsome dividend record. 
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The shaft is only 700 feet deep, water having until now prohibited 
deeper sinking. 

The breccia-granite contact is found on Guyot Hill a short distance 
south of the Mary McKinney. The extreme spur of Raven Hill, 
called Beacon Hill, is formed of an intrusion of phonolite in granite, 
and about this outlying volcanic center cluster a group of veins of 
great production and promise. On the eastern side of the hill are 
located the Prince Albert, Gold Dollar, and others, not active pro- 
ducers at present, while on the western side lie the El Paso, C. K. 
& N., and Old Gold mines, with their narrow but extremely rich fis- 
sure veins in granite, now actively and successfully worked. 

A great number of smaller mines have been worked on veins cut- 
ting the breccia of Raven Hill. The famous Elkton mine is situated in 
the deep hollow between Raven Hill and Battle Mountain. It has been 
working on an exceptionally long vein, partly contained in breccia, 
partly in granite, and generally following a "basalt" dike. The produc- 
tion approaches $6,000,000, and the depth attained is about 900 feet, 
excessive water having formed a serious obstacle to deeper sinking. 
Dividends amount to $1,200,000. The Moose mine, situated higher 
up on the slope of Raven Hill, had a good ore shoot, from which 
$500,000 was obtained. 

Continuing northwest, we soon attain the summit of Bull Hill, which 
affords a magnificent panorama, not only of the whole camp, but of 
a large part of the State of Colorado. Toward the east, and 5,000 feet 
lower, spread the great plains at the foot of the Rocky Mountains; 
westward the Sangre de Cristo^ Collegiate, and Mosquito ranges — a 
snowy and jagged line of ramparts — define the distant horizon. 

A multitude of small mines occupy the southwestern slope of Bull 
Hill. On the northwestern side an area of brecciated granite appears 
among the volcanic rocks, and in this formation is situated the Wild 
Horse mine. This lode, which has been worked to a depth of 1,250 
feet, has produced over $1,000,000, but is now operated only by 
lessees. A number of smaller producers may be found on the north- 
em slope, toward Cameron, among them the Damon, Jerry Johnson, 
W. P. H., and Pinnacle. 

Those who have followed this description on a map will have noticed 
that the mines are chiefly situated on the periphery of a circular area, 
the central part of which, comprising the upper part of Squaw Gulch, 
has thus far yielded very little. Few strong veins have been met 
with in this part of the breccia, but, on the other hand, the devel- 
opments in depth are not extensive. 

On the east and southeast side of Bull Hill begins that most impor- 
tant belt of lodes which extends southward to Victor and includes the 
richest group of producers in the camp. A characteristic feature of 

BnU. 254— 05— 2 
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this belt is the intrusion into the breccia of thick masses of trachytic 
phonoiite and syenitic rocks. 

With few exceptions the veins of this belt strike north-northwest. 
We may begin the description with the system of linked veins, 3,000 
feet long, covered by the Isabella and Victor mines. The last-named 
mine, on the southern end of the system, is situated just below the 
western slope of Bull Cliff. It has been worked to a depth of over 
1,000 feet, has produced about $2,200,000, and has paid dividends 
amounting to $1,150,000. The Isabella has attained a depth of 1,127 
feet, produced $3,200,000, and paid dividends of $600,000. Both mines 
lost their pay shoot in depth. 

The small but rich cross veins of the Empire State, Burns, 
Pharmacist, and Zenobia connect this vein system with that of the 
Stratton mines on Bull Hill. South of the Burns begins the great 
Vindicator vein system, traced southeasterly for a mile through the 
Findley, Hull City, Vindicator, Lillie, and Golden Cycle mines. The 
Hull City and the Lillie have each produced over $1,000,000, the Vin- 
dicator and Golden Cycle over $2,000,000 each, all with correspond- 
ing dividend records. The Lillie is deepest, having attained 1,500 feet. 
Next in depth is the Vindicator, 1,200 feet. All of them, except the 
Lillie, are still actively worked. In the whole system water has been 
and is still a source of trouble. The deepest mine evidently drains 
all the others in this vicinity. 

The Stratton properties on Bull Hill, with the Logan, Orpha May, 
and Pikes Peak veins, on which maximum depths of 1,200 and 1,500 
feet have been attained, are now worked only to a slight extent, 
whereas in the early days of the camp they were highly productive. 

This vein system is continued southward in the Last Dollar mine, 
now working at a depth of 1,270 feet. The production exceeds 
$1,000,000. South of the Last Dollar the veins enter the Modoc 
ground, a mine worked for a long time and with gratifying success. 
The Blue Bird, an old-time producer, is situated a short distance west 
of the Last Dollar. >, 

South of the Modoc is the Battle Mountain vein system, crossing 
from the granite into the breccia, with general northerly or north- 
northwesterly directions, and distinguished by heavy production 
and ore bodies of imposing size. None of the veins are of great 
length, and the whole system extends scarcely a mile along the strike 
of the veins. The veins can not be directly connected with others 
already described, though, in its general trend, the system heads 
toward the Dexter, Blue Bird, and Moose veins. 

Beginning on the southwestern side, we first come to the Gold Coin 
mine, the veins of which are in granite; one of them is successfully 
worked at present at a depth of 1,200 feet. The total production 
approaches $6,000,000; the dividends paid exceed $1,000,000. North 
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of the Gold Coin is the Ajax, working partly in veins, partly in large, 
irregular ore bodies in the granite. The total production is very con- 
siderable. The depth attained is 1,200 feet. 

Between this and the Portland vein system, almost within the town 
of Victor, are the Granite, Dillon, and Dead Pine veins. They are 
worked at present at depths of from 800 to 1,000 feet. 

The Portland vein system begins on the south at the Strong mine, 
now worked at a maximum depth of 900 feet, on a vein in granite 
that follows a "basalt" dike, which is in places accompanied by a 
phonolite dike. The mine is an unusually regular and profitable 
producer, the total dividends since 1892 amounting to $2,500,000. 

The veins of Stratton's Independence run about parallel to those of 
the Strong, a few hundred feet eastward. They extend from the 
granite into the breccia, following for some distance a phonolite dike. 
The production of this mine amounts to over $11,000,000, with a divi- 
dend record of $4,000,000 since 1899. At present the company is 
leasing the various levels to tributers. From the two properties last 
described the vein S3'stems continue into the Portland mine, but in 
the northern part of that great property are replaced by another and 
still richer aggregate of veins, the Captain system. The Portland is, 
beyond question, the most prominent mine of the Cripple Creek dis- 
trict. Its total production from 1894 to the end of 1903 amounted to 
$18,000,000, derived from 466,000 tons of ore (both in round figures), 
from which $4,600,000 has been paid in dividends, the remainder going 
to acquirement of territory, extensive milling and mining plants, and 
operating expenses. 

Outside mining jyro2>ertie8, — The area outside of the principal vol- 
canic area contains very few productive properties, but it is by no 
means barren. A great deal of money has been spent here, usually 
with unsatisfactory results. Although there are many properties of 
merit and although much honest effort has been made in this part of 
the district, it has long been the favorite camping ground of concerns 
more or less lacking in stability. 

The granite hills west and south of the city of Cripple Creek (con- 
tain few prospects; phonolite dikes occur in places, but usually show 
little value. Along Gold Run and Arequa Gulch prospects with a little 
ore have been found, down to the junction with Cripple Creek, and 
even at isolated places below this locality. Grouse Mountain, with its 
phonolite cap, shows many prospects from which occasional good assays 
have been obtained, but neither here nor on Straub and Brind moun- 
tains has anything of permanent value been developed thus far. It is 
claimed that ore bodies of low grade, containing a few dollars per ton, 
exist. 

The breccia caps of Mineral, Carbonate, and Tenderfoot hills are 
dotted with prospect dumps, and even shafts several hundred feet 
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deep. Nothing of peimanent value is recorded from Mineral Hill, 
though fairly productive placers have been worked at its southwestern 
base, almost in the town of Cripple Creek. 

On Carbonate Hill the Elkhorn has been a small producer; on Ten- 
derfoot Hill the Friday, Hoosier, Black Diamond, and Mollie Kathleen 
contribute their parts to the production. Two miles north-northwest of 
Cripple Creek is the Galena mine, the vein of which follows, for a part 
of its course, a phonolite dike in granite and has a small output to its 
credit. About the same distance north of the city is the small volcanic 
center of Copper and Rhyolite mountains. At the former the Fluorine 
mine has produced $160,000, and low-grade ore is now being cyanided. 
Prospects are found on Rhyolite Mountain, and in fact all over the flat 
granite country between it and Trachyte Mountain. The I^incoln mine, 
near Gillette, and several other prospects farther south, along a belt 
of phonolite dikes, have produced a little ore. It is claimed that there 
are low-grade veins on both sides of Bernard Creek, northwest of 
Gillette, in a region of granite with occasional dikes and masses of 
phonolite. Trachyte Mountain, southeast of Gillette, is covered by 
phonolite, and a little ore is occasionally found in veins at its southern 
foot. Some work has also been done on Cow Mountain, about 4 miles 
northeast of Bull Hill. 

The eastern margin of the central volcanic area, east of Victor Pass 
and extending southward across Big Bull Mountain to Brind Mountain, 
has thus far failed to produce anything of importance,, though well 
covered by prospects. A survey of these outlying parts of the district 
serves to emphasize strongly the remarkable concentration of deposits 
within the narrow limits of the central volcanic area. 

CHARACTER OF THE ORES. 

The characteristic feature of the Cripple Creek ores is the occurrence 
of the gold in combination with tellurium, chiefly as calaverite, but 
partly also as the more argentiferous sylvanite,* and probably to a 
minor extent as other gold, silver, and lead tellurides. The tellurides 
are frequently associated with auriferous and highly argentiferous 
tetrahedrite, with molybdenite, and occasionally with stibnite. While 
these minerals have not yet been closely studied, preliminary examina- 
tion indicates that their contents in gold are due to an intimate mechan- 
ical mixture of tellurides. Pyrite, while widely disseminated through 
the country rock and of common occurrence in the fissures, is rarely 
suflSciently auriferous to constitute ore. Such of the pyritic ores as 
have been tested reveal the presence of tellurium, indicating that the 
ore is a mixture of pyrite and gold-silver tellurides. Galena and 

a Calaverite ( AuAg) Tei: tellurium, 57.4 per cent; gold, 39.5 per cent; silver, 3.1 per cent. Sylvanltc 
(AuAg) Tes: Murium, 62.1 per cent; gold, 24.5 per cent; silver, 13.4 per cent. 
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sf^alerite occur in small quantities in many of the mines, but niroly 
contain enough of the precious metals to form ore. Native gold 
appears to be absent from the tellurido ores, except Jis it ma^' be set 
free by the oxidation of these tellurides. 

The usual gangue minerals of the ores are quartz, fluorite, and dolo- 
mite. Roscoelite and rhodochrosite are also found in places. Celestite, 
or sulphate of strontium, while never present in large amount, fre- 
quently occurs as little acicular crystals in the quartz vugs of the lodes. 
Calcitc occurs interstitially in much of the breccia near the ore bodies, 
but is rarely found in distinct crystalline form with the ore minerals. 
Secondary potassium feldspar is common in the ores; it is especially 
abundant in the ores inclosed in granite, particularly those in the 
Pikes Peak type. This feldspar has the composition of orthoclase or 
microcline, and is formed by the recr3''stallization of the original 
potassic feldspar contained in the rocks. In the granitic ores of the 
Stratton's Independence, Portland, Ajax, and Elkton mines, this sec- 
ondary feldspar is the principal gangue mineral. 

Oxidized ores, while still worked in many properties, are of rela- 
tively less importance than when Penrose described the district. 
They contain the characteristic dull gold, often in pseudomorphous 
skeletons, resulting from the oxidation of the tellurides, associated 
with tellurite (tellurium dioxide), emmonsite or durdenite -(both 
hydrated ferric tellurites), and probably other oxidized compounds of 
tellurium and iron. These minerals occur in association with kaolin, 
alunite, and ferruginous cla3'8. The deep workings of the present 
day show that kaolin is always connected with oxidation, and is not a 
product of the original mineralization of the district, as w^s supposed 
by Penrose. 

The Cripple Creek ores, as a rule, contain very little silver, the 
average proportion being about 1 ounce of silver to 10 ounces of gold. 
In the Portland and Stmtton's Independence mines the proportion is 
very much less, the silver from the Portland in 1901 amounting to 
only 2.4 ounces for each 100 ounces of gold. In the Blue Bird, 
Doctor-Jack Pot, Conundrum, Pointer, and other mines containing 
notable amounts of tetrahedrite or galena, the proportion of silver 
rises considerably above the average. 

The average value of the Cripple Creek ores lies prolmbly between 
$30 and $40 per ton. In some of the larger mines the average value 
sinks to about $25 per ton. From a lower economic limit of about 
$12 per ton the values of individual shipments dwing through a wide 
range up to ores carrying $3,000 or $4,000, or even $8,000, per ton. 
Occasionally smaller amounts — one or two tons — have yielded as much 
as $50,000 per ton. 
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STRUCTURAL CHARACTER OF DEl'OSITS. 

With few exceptions the ore bodies, of whatever shape, are causally 
connected with fissures, and most of them constitute fissure veins of 
various types. The fissure system of the district appears to radiate 
from a point near the northern limit of the volcanic area. In the 
eastern part the prevailing directions are northwest or north -northwest, 
gradually changing to a northerly strike in the southern portion and 
to predominant north-northeast or northeast courses in the western 
side of the district. 

Individual veins are rarely over half a mile in length, but linked- 
vein systems often extend for a mile in the sjime direction. The dip 
is generally veiy steep. The movement along these fissure planes 
appears in all cases to have been very slight. The fissures charged 
with ore are sometimes simple veins with one fracture plane; much 
more commonly, however, they are composite veins or lodes which 
consist of sevei^al closely spaced and frequently linked fissures, all 
more or less ore bearing. A better expression for this structural type 
as it appears in Cripple Creek is the term ' "sheeted zone*.'" 

TYPES OF DEPOSITS. 

The most important types of auriferous ore bodies occurring in the 
district are: 

1. Tabular in fonn and strictly following simple fissures or sheeted 
zones. A subt3-pe comprises lodes in which the sheeted zone follows 
"basalt" or phonolite dikes. 

2. Irregular bodies adjacent to fissures and formed by replacement 
and recrystallization of the country rock — usually granite. 

These types are not always shai*ply distinct, but may be connected 
by deposits of intermediate character. 

All the ore bodies, of whatever type, exhibit certain common features 
which serve to distinguish the deposits of Cripple Creek from those 
of most other mining districts. In the first place, the actual openings 
in the rocks available for the deposition of ore are, as a rule, remark- 
ably narrow. In the second place, the amount of material carried in 
the mineralizing solutions and deposited as gangue and ore minerals 
was comparatively small. In consequence of these two conditions, the 
district contains no such massive veins, solidly filled with quartz or 
other vein minerals, as are chamcteristic of the San Juan region in 
Coloi-ado or the Mother Lode region in California. Even the small 
fissures of the Cripple Creek district are rarely completely filled, but 
exhibit a characteristic open or vugg}'^ structure. Where the fractures 
are of unusual width, or where the locks are extensively shattered, as 
in the Midget and Moose mines, the small volume of available vein 
matter is particularly noticeable. The walls of such fractures and the 
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fragments of the shattered rock are usually merely coated with a thin 
deposit of quartz, fluorite, and other minerals. As the rich telluride« 
were usually among the minerals last to form, and are particularly 
abundant on the walls of the vugs, it is probable that had quartz, fluor- 
ite, or other gangue minerals been more abundantly deposited the 
ores would have been of much lower grade. 

Sheeted veins. — The mineralized sheeted zones constitute the most 
characteristic deposits of the district and occur in practically all the 
rocks, although particularly common in breccia. They consist of u 
varying number of narrow, approximatel}^ parallel fissures, together 
composing a sheeted zone that may range from a fraction of a foot to 
50 or 60 feet in width. Such uncommonly wide zones of tissuring, 
however, can usually be resolved into two or more sheeted zones lying 
so close together that the whole constitutes for practical purposes a 
single ore body, as in the Captain vein system of the Portland mine. 
Usually the sheeted zones are from 2 to 10 feet in width. In other 
cases the fissures may be very numerous, the rock for a foot or more 
in width being divided into thin parallel slabs, while on each side of 
this medial portion the fissures become farther and farther apart as 
the lode grades into the normal country rock of the vicinity. In still 
other cases there may be twb main fissures, 3 or 4 feet apart, accom- 
panied b}- more or less irregular fracturing of the intervening and 
adjacent rock. As a rule the fissures are mere cracks, showing no 
brecciation, slickensiding, or other evidence of tangential movement 
of the walls. Usually the tellurides are exclusively confined to the 
narrow fissures and cracks, and do not, in this type of deposit, in any 
sense constitute a replacement of the country rock. The rocks in the 
vicinity of the fissures are partly replaced by dolomite, pyrite, and 
a little fluorite; the telluride ores, however, do not share this pro- 
pensity, but coat the open fissures, associated with a little quartz and 
fluorite. Replacement by tellurides does occur in two other types of 
deposits, to be described later; but as regards the simple veins and 
sheeted zones, it will be necessary to modify the results of Penrose by 
restricting the metasomatic role of the tellurides. In the oxidized 
parts of the veins, such as were almost exclusively available for obser- 
vation when Penrose visited the district, these relations can seldom be 
clearly ascertained, and would easily lead one to overemphasize replace- 
ment as a feature of .vein formation. The fissures are not, in general, 
planes of faulting. Appreciable movement has undoubtedly occurred 
in some instances, but the displacement probably rarely exceeded 1 or 
2 feet. 

Although found most abundantly in the breccia or tmchytic phono- 
lite, sheeted zones and single fissures are often well developed in the 
granite, as in the El Paso, C. K. & N., and Gold Coin mines. While in 
some of these lodes the ore minerals are as plaiuly eowfev^^L \k> \k^ ^^- 
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sures as in the breccia, in other cases the ore to some extent permeates 
the granite alongside the fissure, this constituting a deposit interme- 
diate in nature between types 1 and 2. They also frequently follow 
phonolite dikes, the general tendency of these dikes to develop a platy 
parting parallel to their walls being particularly favorable to the produc- 
tion of a well-defined sheeted zone when the direction of fissuring hap- 
pens to coincide with that of the dike. 

The metasomatic alteration accompanying these sheeted zones is sur- 
prisingly slight, and consists of a partial replacement of the breccia, 
phonolite, trachytic phonolite, or "basalt" by dolomite and pyrite 
accompanied by a small amount of sericite and a little secondary potash 
feldspar. But even in the most altered rock the newly formed min- 
erals rarely form more than a small percentage of the rock mass. The 
' alteration in granite exhibits a somewhat different phase, described in 
a subsequent paragraph. 

Not all the sheeted zones carry ore, nor is the ore of a productive 
sheeted zone necessarily coextensive with the fissuring. The ore occurs 
in pay shoots up to 2,000 feet in length and 1,000 feet in depth, but 
usually very much smaller than is indicated by these limits. The 
boundary between the ore and the barren portions of the lode can be 
determined, as a rule, only by assays. .No single factor that can 
account for the localization of the ore in these pay shoots has been 
discovered. In some mines the pay shoots occur where the lode is 
intersected by cross fissures; in other mines no such relation exists. 
In some mines ore occurs where the fissures pass through phonolite 
dikes; in other mines the lode, elsewhere productive, becomes barren 
when it enters phonolite; while in still others the presence of the 
phonolite has had no apparent influence upon ore deposition. It 
thus appears that the occurrence of two or more favorable factors is 
necessary to determine the position of a pay shoot in a lode. The 
discovery of these factors is one of the unsolved problems connected 
with the Cripple Creek district. 

Replaceinent deposits in granite, — The replacement deposits in 
granite all occur in close proximity to the contact with the breccia, 
and are well developed in the Elkton (Thompson), Ajax, Independence, 
and Portland mines. Although these bodies of ore are related to fis- 
sures and occur particularly where several fissures intersect, or where 
. they meet a dike, the ore is not confined to the actual fractures. The 
rock in the vicinity of these fissures is often extensively altered. The 
change from altered to unaltered rock, while never perfectly sharp, is 
often fairly abrupt and may take place within a distance of a few feet. 
The most obvious characteristic of the metamorphosed rock is a porous 
texture and a change of the reddish color of the normal granite to 
grayish or greenish tints. Closer examination shows that, while the 
porphyritic aggregates of pink microcline, so prominent in the Pikes 
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Peak type of granite, may remain unaltered, the rest of the rock, con- 
sisting originally of microciine, oligoclase, quartz, and biotite, may be 
completely recrystallized as a porous, vuggy aggregate of secondary 
orthoclasc(valencianite), quartz, fluorite, pyrite, calaverite or sylvanite, 
and, in exceptional cases, sphalerite and galena. The ore minerals are 
partly inclosed in the other secondary minerals, but occur most abun- 
dantly with little projecting crystals of fluorite,- quartz, and valencianite 
on the walls of the irregular pores so chai*acteristic of the altered rock. 
The biotite of the original granite yields most readil}'^ to alteration, and, 
in rock otherwise almost entirely unaltered, may be changed to an 
aggregate of fluorite, quartz, and ore minerals. Some of the ore of 
the Ajax mine exhibits well this initial stage of alteration. With fur- 
ther alteration the original quartz and oligoclase of the granite are 
attacked. The quartz, originally in large homogeneous and irregular 
grains, recrystallizes as aggregates. Secondary orthoclase or valenci- 
anite forms often in clear, sharply idiomorphic crystals, which either 
project into open cavities or form aggregates with the secondary quartz. 
In many cases, however, the secondary valencianite results from the 
recrystallization of the older microcline practically in place. The two 
generations are sometimes distinguishable by the greater clearness and 
more or less idiomorphic form of the younger mineral and the absence 
of the characteristic microcline twinning. But it is often impossible 
to determine the line between feldspar which, from its association with 
quartz and fluorite, is clearly secondary and the original microcline of 
the granite. Occasionally a little calcite may be detected in the 
altered granite, but this is rare. The original apatite and zircon of 
the granite are not, so Jar as observed, affected by the alteration 
described. 

While the replacement deposits in granite are important because of 
their size and the readiness with which the ore may be mined free 
from waste, the ore itself is usually of lower grade than that formed 
in the fissures of the sheeted zones. 

Mineralized ^''hasalV'^ dikes, — The ore bodies formed by the minerali- 
zation of basic dikes are in some ways closely related to the sheeted zones 
already described. Like the phonolitc dikes, the ''basalt" exhibits 
a pronounced tendency to split into thin sheets parallel with the dike 
wails. Normally, the minute fissures so formed are filled with veinlets 
of calcite and contain no ore. When, however, a zone of fissuring 
coincides with the dike the latter may be traversed by veinlets of 
quartz and fluorite carrying sylvanite or calaverite, while the bo<ly of 
the dike may be impregnated with pyrite. Such ore differs from that 
of the usual sheeted zones in breccia or phonolite in that the tellurides 
are not so clearly confined to the actual fissures, ])ut appear to some 
extent to permeate the rock with the p^'rito. The richest portion of 
the ore, however, undou})tedly occurs in the small voinl<»ts in the dike. 
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and usually near one or both walls where the Assuring is best devel- 
oped. The occurrence of rich ore bodies in basic dikes in the Port- 
land (Anna Lee), Moose, Elkton, Conundrum, Pinto, and other mines 
has tended to exaggemte the importance of these dikes in general, 
and some have even supposed a genetic relation to exist between 
them and the mineralization of the district.^ Such an hypothesis, 
however, loses sight of the vast amount of profitless work that has 
been expended in the district in driving on the usually unproduc- 
tive basaltic dikes, and the very small proportion of the known ore 
bodies that can be shown to have any connection whatever with these 
intrusions. That the basaltic dikes are not always readily mineralized 
even when accompanied by Assuring is shown in the interesting ease 
of the Strong mine, where the ore occurs as mineralized granite on 
each side of the dike, while the latter is barren. 

DEPTH OF OXIDIZED ZONE. 

At a few points, as in the Abe Lincoln and El Paso mines, tellurides 
are found almost at the surface. It is much more common, however, 
to find an upper zone, from 200 to 400 feet deep, in which free gold 
prevails and which gradually changes to the zone of pure telluride 
ores. As may be expected from the varying surface form and condi- 
tions of drainage, there is great range in the depth attained by oxida- 
tion. Partial oxidation extends in many mines to a depth of over 
1,000 feet, especially along the often more or less open fissures. In 
the Wild Horse mine the zone of complete oxidation reaches a depth 
of 1,100 feet and then suddenly ends. In the Isabella mine partial 
oxidation attained at least 1,200 feet, and the same applies to the Gold 
Coin mine in Victor, although telluride ores prevail at that depth as 
well as in many levels above. The question is chiefly one of depth of 
ground water and of facilities for circulation of oxygen. Further 
data bearing upon this problem may be found on page 81. 

RELATIONS OF ORE BODIES TO DEPTH. 

It is well known that the payable ores in auriferous lodes are rarely 
equally distributed in the lode, but form tabular boditis of more or less 
regular outline. The projections of these ore bodies on the plane of 
the lode often appear as elongated areas with greater veilical than 
horizontal extent. The ore bodies or shoots of Cripple Creek show 
great similarit}' to those of other gold-bea.ring veins; their limit in 
depth is usuall}^ as well defined as their extent in a horizontal direction. 

Of sixty pay shoots of Cripple Creek mines plotted together for 

a Stevens, E. A., Basaltic zones as guides to ore deposits in the Cripple Creek district: Trans. Am. 
Inst. Mln. Eug., vol. 33, 1903, p. esd. 
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purposes of comparison, over thirty extended from the surface to a 
depth of less than 500 feet. The maximum individual production of 
these is less than $1,000,000. Near six of these ore l)odies further 
exploration developed new shoots below the old ones, hut usually of 
smaller extent. In practically all thirty cases the development work 
had l)een carried down a few hundred feet below the last ore of the 
^surface shoot. The form of these smaller shoots is often equidimen- 
sional; in a few cases the horizontal extent is greater than the verti- 
cal, or the shoot is wholly irregular; in many cases the shoot pitches 
steeply northward on the plane of the vein and the ratio of vertical to 
horizontal extent is 2 : 1 or 3 :1. 

In eight of the sixty cases the shoot extended from the surfa(*e to a 
depth of 1,0(K) feet, or a little more, and ended. Further development 
to alx)ut 1,500 feet failed to find new shoots of any importance, though 
small pockets were often discovered. In six of these eight cases the 
ratio of vertical to horizontal extent varies from 3:1 to 5:1, and 
the shoots usually pitch northward at angles of 60'^ to nearly 90^ from 
the horizontal. In the remaining two cases the shoots have about the 
same horizontal as vertical extent. The maximum horizontal length 
is 1,300 feet, while 400 is much more common. In two of the sixty 
eases the pay shoot is 1,500 to 2,000 feet long, maximum depths of 
600 and 1,000 feet having been attained and the bottom level being still 
in ore. In thirteen of the sixty cases the shoot began over 200 feet 
below the surface; in eight of these the l)ottom of the shoot has been 
reached, while in five the lowest level is still in ore. Steeply dipping, 
irregular elongated forms prevail. Man}^ of this group of thirteen 
represent veins parallel and close to those on which pa}" shoots out- 
cropping at the surfiwe were found. 

These statements will give an idea of the fonn of the shoots. Of 
course, in the case of shoots reaching the surface, a certain part has 
probably been removed by erosion. Judging from the shoots which 
distinctly began below the surface, the normal form of the ore bodies 
is elongated, vertical, or pitching shai-ply northward, the ratio of ver- 
tical to horizontal extension varying from 1^:1 to 5:1. Some of 
these shoots are, however, of about equal dimensions, vertically and 
horizontally, while in a few the horizontal dimension is the greater. 

Of the known ore bodies, as few exceed 1,(M)0 feet in length, so 
verv few exceed 1,000 feet in depth or extend more than 1,000 feet 
from the surface. Speaking broadly, explorations below that limit have 
not proved very satisfactory. Dmwing the lines a little closer, it may 
be said that in proportion to the amount of exploration the upper 700 
or 800 feet have yielded more than the interval from that limit to the 
fewest levels reached — about 1,500 feet. It must not be overlooked, 
however, that four or five mines still have good ore bodies at a depth 
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of 1,200 to 1,400 feet from the surface. The developments of the 
next year or two will probabl}^ give a safer basis for generalization. 

lloiighly speaking, the above-mentioned distribution holds good for 
any elevation within the district. In other words, the principal pro- 
ductive zone everywhere occupies the space from the surface down 
to about 1,000 feet below it, and its lower limit thus forms a curved 
surface approximately parallel to the surface of the ground. 

It is probable that the minimum depth of rock removed from the 
district by erosion amounts to 1,000 feet in the central part and to 
400 or 500 feet about the periphery. The shape and number of the 
ore bodies formerly existing in this eroded zone ctin be only conjec- 
tured. It is probable that the veins were formed shortly after the 
close of igneous activity, while the volcano yet possessed a much 
greater height than at present. The absence of hot waters and the 
depth of oxidation attained indicate that vein formation at Cripple 
Creek is by no means a recent phenomenon. 

The general features of the vertical distribution of the known ore 
bodies recorded above have of late years received more or less recog- 
nition, and there has bec^n a decided tendency to attribute them to a 
process of secondary enrichment effected by waters moving generally 
downward from the surface. It has been supposed^ that such w^aters 
have carried down a part of the auriferous contents of those portions 
of the lodes now removed by erosion and have enriched originally lean 
pyritic ores by the secondary deposition of gold and silver tellurides 
and argentiferous tetrahedrite, with associated gangue minerals. 

It is clear that the hypothesis in question is suggested by the dis- 
tribution of known pay shoots. The question arises, How far does 
the distribution of known pay shoots represent the distribution of all 
the pay shoots in the district? In other words. How far has explora- 
tion been impartial -in revealing ore bodies near the surface and at 
depths greater than 1,000 feet? 

It requires but little examination to make clear the fact that ore 
bodies within 1,000 feet of the surface are far more likely to be discov- 
ered than those at greater depth. While shafts have been sunk for a 
few hundred feet without any indication of ore and have ultimately 
l>een developed into productive mines, such a procedure is considered 
bold prospecting, and few well-informed mining men would seriously 
contemplate sinking a shaft over 1,000 feet in depth solely on the 
expectation of finding possible ore bodies below that depth. Most of 
the large mines in the district have started upon some indication of ore 
near the surface and have grown by the subsequent discovery of other 
lodes and ore Ixxiies in the course of their underground development. 
As few individual ore bodies persist for more than 1,000 feet in depth, by 

a Bancroft, Geo. J., Eng. and Min. Jour., vol. 74. 1902, pp. 752-753. and vol. 75, 1908, pp. 111-112. 
Finch, J. W., Proc. Colorado Sci. Soc., vol. 7, 1904, pp. 193-252. 
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far the greater part of the underground prospecting Is at less depths, 
there being usually little inducement to go deeper, unless, as in the 
case of the Gold Coin and Portland mines, lodes are discovered in 
which the ore, beginning several hundred feet below the surface, 
extends deeper than the pay shoot upon which the mine was origi- 
nally opened. Thus deep prospecting is usually confined to 'the 
vicinity of the larger and more persistent pay shoot? which have been 
followed down from near the surfa<?e. Underground water has also 
proved a most serious obstacle to deep prospecting, few properties 
being able to develop below the 1,000-foot zone unless there is abun- 
dant and high-grade ore in sight. 

It may thus be concluded, without necessarily advocating promiscu- 
ous exploration below the 1,000-foot zone, that any ore bodies exist- 
ing below that depth are far less likely to be discovered than those 
above, where from the surface to depths of several hundred feet the 
rocks of the district are riddled with shafts, drifts, crosscuts, and 
adits. It is exceedingly difficult, however, to determine, even ap- 
proximately, the relative importance of this factor in the problem. 
It is probably safe to assume that the chances of discovering a given 
ore body within the 1,000-foot zone are at least ten times those of dis- 
covering an ore body below that zone, and the ratio may be very much 
greater. It is probably true that there was originally more ore within 
the 1,000-foot zone than there is in a corresponding zone below, but 
this disparity is not necessarily anything like so great as is indicated 
by the vertical distribution of known pay shoots. 

Another important line of inquiry bearing upon the relations of the 
ore bodies to depth is concerned with the question of the relative size 
and abundance of the fissures near the surface and at greater depth. It 
has been shown that all the ore bodies are intimately connected with 
fissures. If such fissures are generally smaller and less abundant 
below the 1,000-foot zone than they are within it, obviously there is 
introduced a factor which diminishes the supposed importance of sec- 
ondary enrichment by affording an anterior and physical explanation 
for the decrease of ore with increase of depth. 

Detailed examination of practically all the accessible mines in the 
Cripple Creek district has led to the conclusion that the fissures, which 
ordinarily are narrow and often appear as mere ciucks, do become less 
abundant and less conspicuous as greater depth is attained. No mine 
exhibits this feature better than the Stratton's Independence, in which 
the very complex systems of productive fissures on the fifth and higher 
levels contrast most strikingly with the few, insignificant, and unpro- 
ductive fractures visible on the fourteenth level. In less degree the 
same feature is shown in many others of the deep mines, but the rule 
is not without some very marked exceptions. 
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The dependence of the ore zone on the surface would then merely 
exj^ress the depth to which Assuring extended in a conical volcanic 
mountain. 

We hav^e thus two factors of importance to account for the scarcity 
of ore shoots below the 1,000-foot level — first, difficulties of develop- 
ment and exploration, and second, the disappearance of fissures in 
depth. They do not seem to be sufficient, however, and it is believed 
that a third factor, as yet undiscovered, exists, and that it is related to 
the chemistry of the actual ore deposition. 

In those districts where so-called secondary sulphide enrichment is 
known to have taken place the ore minerals exhibit in genei'al an 
orderly sequence, both in relative abundance and in kind, from those 
characteristic of the most highly enriched ore near the zone of oxida- 
tion to those constituting the original, lean, and unaltered ore. The 
secondary minerals produced are such as can residt from rearrange- 
ment and concentration of elements present in different combinations 
in the primary ores. At certain points within this range of alteration 
it is possible to detect direct mineralogical evidence of the change of 
one mineral to another, effected by solutions moving downward from 
the zone of oxidation. In most cases the secondarily enriched ores 
bear a recognizable relation to the lower limit of oxidation. 

Careful study of the Cripple Creek ore deposits has failed to discover 
that the hypothesis of secondary enrichment is supported by crucial 
evidence of the kind just indicated. The minerals are not arranged 
in any discoverable definite sequence, nor does the present investiga- 
tion find much to support the view that the rich telluride ores, as a 
rule, pass with increasing depth into low-grade pyritic ores. Fre- 
quently such ore as occurs below a depth of 1,000 feet is precisely the 
same in character as ore found within 100 feet of the surface. Tetra- 
hedrite, which has been regarded by some, without definite proof, as a 
secondary minei*al, occurs sporadically throughout the district and at 
all depths reached by present workings. The richest ore does not 
uniformly occur immediately below the oxidized ore. There is, in 
fact, little indication of enrichment in the oxidized zone such as is so 
often found in gold-quartz veins of the normal type. Frequently the 
fresh telluride ore is extremely rich, and high-grade pockets occur 
impartially in oxidized and fresh portions of the veins. Neither 
would it be correct to say that there is a gradual decrease in the value 
of ore in depth. It is quantity, not value, which decreases. 

While it is certain that pyrite, and possibly other minerals, has 
formed at more than one period during the mineralization of the dis- 
trict, and while it is equally clear that in general the rich tellurides 
were the last of the ore minerals to be deposited, there is apparently 
no evidence that any one of these minerals has been formed by enrich- 
ing solutions at the expense of primary minerals. So far as definite 
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conclusion is warranted in an investigation as jet incomplete, it 
appears that the unoxidized ore deposits of the Cripple Creek district 
represent the product of one general period of mineralization and that 
they have not been appreciably modified by secondary enrichment 
during the subsequent erosion of the region. 

UNDERGROUND WATER. 

The conditions of underground waters are interesting and somewhat 
unusual. A dry climate and a heavy percentage of run-off minimize 
the annual additions to the underground supply. Nevertheless, the 
ground-water level is not unusually deep, and large quantities of water 
are encountered in all the mines below that level. The original water 
surface of the district in the volcanic rocks stood at elevations of 9,400 
to 9,700 feet, or 100 to 600 feet below the surface of the ground. At 
first pumping was commenced by individual mines, but it was soon 
found that the radius of drainage had unusual length — that is, that one 
mine would drain others situated at a distance. Drainage tunnels were 
then undertaken, and the Chicago and Cripple Creek, the Ophelia, the 
Standard, and latel}' the El Paso tunnels were driven, each of which 
practically accomplished the drainage of a large part of the district 
almost down to its own level, thus showing that the ground water is 
limited in quantity and is more of the nature of a local reservoir than 
a '^subterranean sea." 

The plug of volcanic rocks which fills the throat of the old volcano 
is rudely circular, with a diameter of 8 miles. This mass is extremely 
porous, and is, moreover, cut in man}" directions by partly filled fissures 
and sheeted zones, so that water can circulate within it with compara- 
tive freedom in several dii'ec^tions. It retains this chai*acter down to 
the greatest depth yet reached. Qn the other hand, the surrounding 
granite is relatively impermeable and is less traversed by open fissures. 
No doubt it contains ground water down to a depth of 2,000 feet or 
more, but in very much smaller quantity, and the circulation of this 
water must be extremely slow. This is clearly shown by the fact that 
the water in the breccia is not drained by Cripple Creek and Arequa 
Gulch below the level of the points where they leave the volcanic area. 
Thus the volcanic plug resembles a water-soaked sponge inserted in a 
hole cut in an impermeable substance. The drainage of the mines is 
thereby greatly facilitated, as it is not necessary to extend the tapping 
tunnels to each mine. 

The El Paso tunnel, completed in the winter of 1903-4, has an ele- 
vation of 8,790 feet at the portiU. Within a short time it effectually 
drained not only the Beacon Hill mines but also the (lold Hill mines, 
and its influence extended even to the Last Dollar and the Elkton 
mines. But the foregoing statement in relation to draining the dis- 
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trict must be so modified as to exclude a certain part on the eastern 
side, comprising the mines about Independence on the east side of Bull 
Hill and those on Battle Mountain and in the town of Victor, in which 
the effect of the El Paso tunnel is slight. The Findley, Hull aty, 
Vindicator, and Golden Cycle mines about the town of Independence 
seem to occupy a separate drainage basin, probably divided from the 
main area by masses of relatively impermeable rock. 

The Portland, Stratton's Independence, and the other mines near 
Victor occupy another drainage basin. Of these the Gold Coin and 
the Stratton's Independence have shafts below the level of the El Paso 
tunnel, and their pumps have probably drained the surrounding terri- 
tory to a considerable extent. The influence of the drainage tunnel 
on the Portland mine is a question upon which opinions differ. 

The subject of the drainage of the Cripple Creek mines has been 
actively studied in late years, and valuable contributions to the subject 
have been made by Mr. Victor G. Hills and others, who have shown 
that the water can be tapped, without prohibitive expense, down to an 
elevation of 7,500 feet, or 1,300 feet below the El Paso tunnel; for 
this depth a tunnel 3i miles long would be needed. On account of the 
great porosity of the rocks it is not probable that the next thousand 
feet below the El Paso tunnel level will show any great diminution in 
the amount of water stored in the rocks. 

SUBTERRANEAN GASES. 

During the earlier years of Cripple Creek no unusual amount of 
mine gases was observed, but, as the shafts and workings deepened, 
several properties began to experience much annoyance and even 
serious interference with work, often in spite of vigorous measures 
for ventilation. These gases appear to issue chiefly from the breccia, 
especially where it is of porous and loose texture, but they sometimes 
flow from partly open vein fissures in such quantity that a light held 
up to the fissures is immediately extinguished. Thus far the mines 
on Battle Mountain and those of the Golden Cycle, Vindicator, and 
Isabella groups have suffered no inconvenience, but most of the mines 
west of this line have had more or less trouble with this subtle and 
insidious enemy. At least one mine has been forced to close down 
entirely, and several others are often obliged to abandon work for 
days. Sometimes the amount of gas issuing is small, and ordinary 
ventilation will carry it away; again it may issue in large volumes 
and practically fill the mine for some time. In other mines the gas 
persistently hangs at certain places, forming barriers which can be 
passed onl}^ with difficulty. The outflow of gas is unquestionably 
related to barometric fluctuations, though it is usually locally reported 
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to be influenced b}'^ the direction of the wind. The investigations 
concerning this subject are not yet concluded. It may be said, how- 
ever, that a sudden lowering of the barometer seems to be the most 
important factor. Upon such a fall the gas issues in great volumes, 
but decreases when the barometer remains steadil}' low for several 
days. The gas is often very heavy, filling lower parts of drifts and 
winzes like water, and cases are reported in which it has actually been 
bailed from a shaft. Its temperature is somewhat high n* than that 
prevailing in the mine under normal conditions. 

It has practically no smell or taste, but small quantities of it easily 
produce effects of suffocation. Miners working in places where this 
gas is mixed with the air soon experience various forms of physical 
distress, and several fatal accidents have teen caused by men entering 
drifts and winzes filled with it. 

The characteristics of the gas seemed to point to carbon dioxide, 
and it is generally so termed. Preliminary determinations of carbon 
dioxide by a portable apparatus yielded percentages which seemed far 
too small in comparison with the effects of the gas examined, and led 
to the belief that some other substance was present. Samples were 
then collected and analyzed. The analyses showed the gas to be a 
mixture of nitrogen with about 20 per cent carbon dioxide and a small 
amount of oxygen. 

The occurrence of these exhalations over a large part of the ore- 
bearing area is of much interest. They certainly increase in quantity 
with depth, and it is to be feared that in some cases they may seriously 
affect mining operations. The evil has proved very difiicult to cope 
with. Ventilation alone has rarely proved efficient, and the only 
practicable remedial measures appear to be cementation of drifts at 
particularly bad places and working the mine imder air lock at a pres- 
sure slightly exceeding the normal. 

The origin of these gases can not reasonabl}^ be sought in any such 
explanation as the oxidizing of sulphides and accompanying absorption 
of oxygen. We believe that they represent the last exhalations from 
the throat of the extinct Cripple Creek volcano. 

FUTl^RE OF TIIK DISTRICT. 

To predict the future yield of any mining district is no easy task; 
the conditions under which most ores are deposited are as yet too 
imperfectly understood, and the deposits themselves are usually too 
eri^atic in form and distribution, to give certitude to such predictions, 
even when these are based upon a careful study of the history and 
present condition of a district. Nevertheless, it is part of the duty of 
the geologists who have officially investigated the Cripple Creek dis- 
trict to interpret to the best of their ability the bearing of ascertained 
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facts upon future mining development. For such a forecast of the 
future moderate probability is all that can be claimed. 

As has been pointed out in the preceding pages, the largest known 
ore bodies of the district are apparantly confined within a zone which 
extends from the surface to a depth of 1,000 feet. In general, explo- 
rations below that depth have l)een much less satisfactory, as regards 
quantity of ore, than explorations above. It is certainly true that 
some large ore bodies as yet show no sign of depletion in depth, and 
that some good pa}'^ shoots have been found at a depth of 1,400 to 
1,500 feet. On the other hand, the number of ore shoots that have 
been exhausted with increase in depth is considerable. 

It is probable that the ore bodies, known or unknown, occurring 
below the 1,000-foot zone are neither so large nor so abundant as 
those nearer the surface. The discovery and exploitation of these 
deeper ore bodies is, moreover, beset with increasing difficulties, chief 
among which is the problem of dealing with the underground water. 
For these reasons it is unlikely that the zone between the 1,000-foot 
and 2,000-foot levels will yield as much as the zone between the sur- 
face and the 1,000-foot level, but the possibility is not denied that 
soire strong fissures may carry payable ore to far greater depths than 
those vet attained. 

As regards the zone above the l,0()0-foot or 1,500-foot level, it is 
well to bear in mind that it still contains much ore, both as parts of 
known ore shoots and as yet undiscovered ore bodies: It is certain 
that many of these undeveloj;)ed ore bodies will be mined in the near 
future and that this zone will contribute the most important part of 
the production. 

It is probable that the production of the district, while exhibiting 
fluctuations, will on the whole slowly decline. New ore bodies will 
undoubtedly be discovered from time to time, and individual mines 
may be as profitable in the future as they have been in the past, or 
even more profitable. An increased output may be expected to 
follow each successful step in deep drainage. But existing conditions 
indicate that if the maximum production of $18,000,000, in 19(X), is to 
be surpassed the increase will be due to the ore bodies encountered in 
the upper zone. 



INDEX. 



ncoln mine, location of 16 

alne. depth of 19 

nda mine, production of 16 

ria-Leland mine, production and 

depth of 16 

»ft, O. J., on downward-moving 

waters 28 

dikes, ore Jn 25-26 

Mountain vein system, mines on 18 

1 Hill, mines on 17 

ft, occurrence and character of . . . 12, 13-14 

J., work of 8 

ill, mines on 17 

trite, composition of 20 

!, occurrence of 21 

late Hill, prospects on 20 

te, occurrence of 21 

nation process, use of 10 

drum mine, depth of 16 

e Cfeek granite, occurrence of 13 

Whitman, work of 7,11 

le process, use of 10 

I mine, location of 17 

mineralized basalt, description of . . 25-26 
"-Jack Pot mine, production and 

depth of 16 

Ite, occurrence of 21 

IS, E. M.. work of 7 

shaft, depth of 15 

1 mine, production and depth of 17 

I shaft, depth of 15 

, R. T., work of 7 

ar, occurrence of 21 

J. W., acknowledgments to 7 

J. W., on down ward -moving waters. 28 

M, character of 22 

'. al*o Veins. 

ne mine, pnxluction of 20 

te, occurrence of 21 

I, occurrence of 20 

e minerals, description of 21 

subterranean, discus«<iori of 32-33 

Hill, mines on 16 

iiscovery of, date of 7.8 

xluction of 8-9 

• aUo Ores. 

'oin mine, production of ].s 

!oin shaft, depth of !5. 19 

[ill, mlncH on ir> 

Ting mine, pnxiiu'lion of lf» 

1 Cycle mine. j>nxluction of is 



Page. 

Granite, occurrence and character of . . . 11, 12-18 

replacement deposits in 24-25 

Graton, L. C, work of 8 

Half Moon mine, production of 16 

Hills. V.G., work of 32 

Hull City mine, production of 18 

Igneous rocks, occurrence and character of. 11-14 

Independence mine, production of 19 

Independence shaft, depth of 15 

Isabella mine, oxidation in, depth of 26 

production and depth of 18 

Jerry Johnson mine, location of 17 

Last Dollar mine, production and depth of. 18 

Lillie mine, production of 18 

Lillie shaft, depth of 9, 15,18 

Map, topographic, revision of 7-8 

Mary McKinney mine, depth of 16 

Metallurgy and mining, discussion of 9-10 

Midget mine, production and depth of 16 

' Mineralized basalt dikes, description of 25-26 

Minerals, description of 20-21 

I Mines, area including 14 

description of 15-20 

methods of working 9 

Mining and metallurgy, discussion of ^10 

Moon- Anchor mine, production of 16 

Moose mine, production of 17 

Rock, A. M., work of 8 

Ore bodies, relation of, to depth 20-31 

structure of 22 

types of 22-26 

Ores, character of 20-21 

treatment of 10 

Oxidized ores, occurrence and character of. 21 

Oxidized z<me. depth of 26 

Penrose. R. A. F.. jr., work of 7,14 

Phonolite, wcurrence of 12 

Pikes Peak grniiite, occurrence of 12 

Pinnacle mine. l<K*tttion of 17 

Portland mine, production of 10, 19 

Portland vein .system, mines on 19 

Poverty Gulch, mines near 16 

I*roduction of gold, tabic showing 9 

Productive area, extent of 14 

Pyrite. occurrence of 20 

Quartz, ocfurrence of 21 

Raven Hill, mines on 17 

Replacement deposits in graniio, des(*rip- 

tion of 24-25 

Khoilochrosito. (K'currence rf HI 

Roscoelite, o<*curreiH'e of 21 

35 



3() 



INDEX. 



Page. 

Shafts, depth of 15 

Sheeted veins, description of 23 

Silver, occurrence of. in ores 21 

production of 9 

Sphalerite, occurrence of *. 21 

Stevens, E. A,, on basnlt dikes 26 

Strong mine, production and depth of 19 

Structure of ore bodies, description of 22 

Sylvanite, composition of 20 

Tellurides, occurrence of 20 

Topographic map, revision of 7-8 

Topography, description of 11 

TulTand breccias, occurrence and character 

of 12 



Page. 

Underground development, extent of 15 

I'nderground water, discussion of 31-32 

Vein.s, sheeted, description of 23 

Victor mine, protluction and depth of 18 

Vindicator mine, pn)duction and depth of. 18 

Vindicator vein systen), mines of 18 

Volcanic roclis. occurrence and character of 11-14 

W. P. H. mine, location of 17 

Water, underground, discussion of 31-32 

Wild Horse mine, oxidation in, depth of... 26 
production of 17 



o 



D_j_ j i, lamainic Swlogj, 50 
"*" 1. B, DewriptiTS Oeologj, 68 



DEPARTMENT OF THE INTEKIOK 
UNITED STATES GEOLOGICAL SURVEY 

CBARI.EH it. WALCOTT, UlUKTOK 



THE 



FLUOESPAR DEPOSITS 



SOUTHERN ILLINOIS 



H. FOSTER BAIN 




w ■ 

GOVBBN* 



CONTENTS. 



Page. 

letter of transmittal . _ 1) 

titr<Klucti()ii . . 11 

Location 11 

History of development - ... 12 

Previo^'s geologic work 13 

Scope of this report ... 14 

•hysiography 14 

G^eneral relations 14 

Topography 15 

Karbers Ridge .-. 15 

Upland plain 16 

River valleys 16 

Geology 17 

General statement _ 17 

Description of sedimentary formations 18 

Devonian rocks 18 

Ohioshale . 18 

Character 18 

Thickness 19 

Distribntion 19 

Name 19 

Carboniferous rocks 19 

Tullahoma formation 19 

Character 19 

Thickness 20 

Distribution and relations 20 

Name and correlation _ _ 20 

St. Louis limestone 20 

Character 20 

Tliickness . . 20 

Distribution and relations 21 

Name and correlation . . 21 

Ste. Genevieve limestone . - . 21 

Character and thickness -. 21 

Distribution 22 

Name and correlation .... 22 

Cypress sandstone 23 

Character and tliickness . . 23 

Distribution and relations 23 

Name and correlation ... 23 

Tribune limestone 24 

Character and relations 24 

Birdsville formation . 24 

Character 24 

Thickness . 25 

Distribution . . ... 25 

Name 25 



4 CONTENTS. 

Geology — Continued. P»8©. 
Description of sedimentary formations — Continued. 
Carboniferous rocks — Continued. 

Mansfield sandstone _ . 25 

Character : 25 

Distribution . . . . _ 2<) 

Name and correlation 26 

Tertiary deposits 26 

Quaternary dex)osits 27 

Loess loam 27 

Alluvium - _ 27 

Des<;ription of igneous rocks . . 27 

General statement 27 

Orr's landing . 28 

Rosiclare quarry. -. 28 

Downey *s bluff 29 

So ward farm 30 

Mix farm 30 

Golconda 80 

G^logic structure 31 

(General relations 31 

Hicks dome . . . . 31 

Faults 32 

Quartzite reefs . 33 

Dip 33 

Geologic history . . 84 

Periods of sedimt^utation 34 

Deformation and intrusion of igneous rocks 35 

Peritnl of erosion 85 

The ore deixjsits . 36 

Gh^neral character 36 

Minerals present . 36 

Gangue minerals 36 

Fluorite 36 

Calcite _.. 37 

Quartz 37 

Barite , 37 

Dolomite 38 

Kaolin 38 

Original metallic minerals 38 

Galena . 38 

Blende:. 38 

Pyrite 39 

Chalcopyrite . 39 

Stibnite 39 

Secondary minerals - . 39 

Cerussite - 39 

Smithsonite - - . 39 

Limonite 39 

Malachite .. . 39 

Copper - 39 

Paragenesis and association 40 



CONTENTS. 5 

Tie ore deposits— Continned. Page. 

Mode of occnrrence 40 

Form and character of the ore bodies 40 

. Ore shoots . _ 41 

Structural relations 41 

Relations to topography and underground water level 42 

Alteration of ores 42 

Age - 43 

Genesis and value 43 

De8t!ription of mines and prospects 48 

- ^ofiiclare ar«a . 43 

Resume of geology 43 

— Fairview mine 44 

_ Rosiclare mine 45 

Blue vein 47 

Daisy vein 47 

Clement vein 47 

Hicks area -• 48 

Resume of geology _ . 48 

Empire mine ':.. 48 

Hubbard shaft 50 

Big Joe mine 50 

Hutchinson mine - 51 

Rainey mine 51 

Baldwin mine 51 

Hicks mine . 52 

Hamp mine ^ . . . 52 

Scattered mines in Hardin County . - 52 

General statement 52 

Pell mine . . 53 

Stewart mine 53 

Oxford and Watson mine . 53 

Cook mine. . . 58 

Parkenson mine 53 

Gordon mine . - 54 

LeadHill 54 

Eureka mine . - 58 

Scattered mines in Pope County . . 58 

(General relations 58 

Pittsburg mine 58 

McClellan mine 59 

Luella mine 59 

Taylors Spring - 59 

Moore mine 59 

Wright mine 59 

Golconda prospects - 60 

Bay City mine 60 

Mines in Saline County 60 

General relations 60 

King and Fergusen mine 60 

Big Four mine. 61 



6 CONTENTS. 

The ore deposits — Continued. P^ge. 

Qenesis of the ores 61 

Origpinal source of material 61 

Ore minerals 61 

Gangue minerals 63 

Process of concentration 66 

Ek^onomic importance and future of the district 67 

Sources and uses of fluor8i)ar 67 

Future production . 69 

Guides for prospecting 70 

Index. - 71 



ILLUSTRATIONS. 



Page. 

Plate I. General geologic map of the Kentncky-IUinois fluorspar district . . 14 

n. GJeologic map of the Rodclare district 18 

III. Geologic map of the Hicks district 22 

rV. Map and cross section, Rosiclare to Karbers Ridge 30 

V. Interbanded flnorspar and limestone from Lead Hill 54 

VI. Photomicrographs of flnorspar bands in ore lK)dy at Lead Hill 50 

Fig. 1. Sketch showing areas covered by detailed maps 11 

7 



LETTER OF TRANSMITTAL. 



Department of the Interior, 

United States Geological Survey, 

Washington^ D. C, Jvly 16^ 1901^. 

Sir: I have the honor to transmit herewith the manuscript of 
a paper entitled " Fluorspar Deposits of Southern Illinois," by 
H. Foster Bain, and to recommend that it be published as a bulletin. 

This paper embodies the results obtained in a detailed study of the 

fluorspar deposits of this important district, the study having been 

undertaken in connection with the investigation of the lead and zinc 

deposits of the Mississippi Valley region. The area covered is at 

present the most important producer of fluorspar in the United 

States. 

Very respectfully, C. W. Hates, 

Geologist in Charge of Geology, 
Hon. Charles D. Waloott, 

Director Uvited /States Geological ^Survey. 

9 



THE FLUORSPAR DEPOSITS OF SOUTHERN ILLINOIS. 



By H. Foster Bain. 



INTRODITOTION. 



LOCATION. 



The fluorspar mines which are the subject of this report are in 
Pope and Hardin counties, in the extreme southern portion of Illinois. 
The principal mines are near Rosiclare, Elizabethtown, and Cave in 
Rock, small towns on the Ohio Rrver, in Hardin Countv. An impor- 




Fio. 1. — Sketch showing areas rovered by detailed maps. 

tant group of prospects is located in the northwest part of Hardin 
County and northeast part of Pope County, and there are minor 
occurrences at various other points in these counties and also in 
Saline and Johnson countie^s. The area forms the northern part of 
the Kentucky-Illinois district. Its outline and general situatiou vv\x>. 
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indicated on the accompanying map, PI. I. In fig. 1 are indicated 
the particular areas surveyed in detail in the preparation of this 
report. 

HISTORY OF DEVELOPMENT. 

Attention seems to have been first attracted to the Kentucky- 
Illinois district by the occurrence of the brilliant colored fluorite. 
In early American geologic literature there are numerous refer- 
ences « to this fluorspar, or " fluate of lime," as it was then called. It 
was usually noted as coming from Shawneetown, 111., since that was 
the nearest town of any size. The galena which occurs associated 
with the fluorite was probably noticed very early in the nineteenth 
century, but it w^as not until some years after the settlement of the 
country that any serious attempt was made to mine it. The first 
important mining venture seems to have been that of a company 
headed by President Andrew Jackson, which undertook development 
near the site of the present Columbia mines, in Crittenden County, 
Ky., in 1835. In Illinois the first mining was at Rosiclare in 1842. 
Lead was mined and smelted at various points in the district previous 
to the civil war, though it seems never to have been remunerative in a 
large way. Various observers speak of the mining as having been 
stopped, or as being carried on in only a small way from 1851 * to 
1876.*^ As late, however, as 1884 competent observers considered 
some at least of the properties worthy of development for lead alone,' 
and there is even now a small output of lead. 

In Illinois fluorspar seems to have been first discovered in place in 
1839, when it was encountered with galena in sinking a well on the 
Anderson farm, now the property of the Fairview Fluorspar Com- 
pany. In 1841 a second well not far from tiie first also encountered 
the lode, but no attempt seems to have ever been made to exploit 
either of these finds. In 1842 Mr. William Pell discovered spar and 
galena somewhere near the site of the present Rosiclare mine, and 
Marshall and White undertook its development. From that time on 
mining appears to have been carried on more or le^ss continuously in 
this vicinity, at first under the direction of certain well-known Mis- 



« Am. Jour. Scl., Ist ser.. vol. 1, 1818, pp. 52-53; vol. 2, 1820, p. 176; vol. 3. 1821, p. 
243. Schoolcraft, II. H., A View of the Lead Mines of Missouri, 1819, p. 191. Cleave- 
land, Parker, Mineralogy, 1822. p. 202. Brush, J. G., Am. Jour. Sci., 2d ser., vol. 14, 
1852. p. 112 f 

» Norwood, J. G., Geol. Survey Illinois, vol. 1, 1866, p. 367. Owen, D. D.. Geol. Sur- 
vey Kentucky, vol. 1, 1850, p. 87. Whitney, J. D., Kept. Geol. Survey upper Mississippi 
lead region, 1862, p. 205. 

•* Norwood, C J., Geol. Survey Kentucky, vol. 1. new ser., 1876, p. 49,3. 

* Kilers, Anton, and Raymond, R. W.. Manuscript reiM)rt on the property of the Mineral 
City Mining and Smelting Company. Ilardln I'ounty, 111. 
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souri operators, Messrs. Valle, Anson, and others, and in recent 
years with the ownership in local and eastern hands. 

Shipments of fluorspar began apparently in the early seventies, and 
since 1880 have been regularly reported. In 1891, when the district 
was visited by Mr. S. F. Emmons, large bodies of spar had been devel- 
o|>ed, though, as seems to have been usually true since the beginning 
of mining in this region, only one or two mines were actually shipping. 

Zinc was early noted « in the district and from time to time small 
trial shipments were made. With the rise in the price of zinc in 
1891), a period of active prospecting for zinc ore l)egan. The discov- 
ery of the Old Jim mine in Kentuck}^ stimulated the search and the 
whole district was gone over with considerable care by Iwal pros- 
pectors. Very few important deposits of zinc ore were foimd, but 
the size and purity of the fluorspar deposits became for the first time 
adequately appreciated. There has since been an active and intelli- 
gent campaign to widen the market for spar and to increase its pro- 
duction. Incidentally some lead and zinc is being found and mined, 
though so far no important bodies of either have been developed in 
the Illinois portion of the district. 

PREVIOUS GE()U>GIC WORK. 

The Kentucky-Illinois district has lM»en visited by but few geolo- 
gists. The official reports of the States include brief report*? '^ upon 
the district. Aside from these the most important pai>er is one by 
Mr. S. F. Emmons,'^ which was based upon a brief visit to the Rosi- 
clare mines made in 1891. Mr. J. S. Diller ^ has published a descrip- 
tion, with analysis, of the mica-peridotite forming the Flannery dike 
in Kentucky, based upon specimens collected by Mr. E. O. Ulrich. 
Brief notes upon the mining industry have be^n published by Mr. W. 
E. Burk,<^ and a description of the Old Jim mine has been given in 
the Engineering and Mining Journal.^ Short not^>? on develop- 
ment of the district have been given in connection with the statistics 
of production annually published by the United States Geological 
Survey in the Mineral Resources, and notes on the fluorite as a min- 
eral have appeared in other parts of these* volumes. 

" Owen, D. D., op. rit., p. 87. 

» Kentucky : Owen, D. D., Geol. Survey Kentucky, vol. 1, pp. H7 -H8. Norwood, i\ J., 
Geol. Survey Kentucky, new sor., vol. 1. 1870. pp. *441>-4f>.'?. IllinoiK: Worthen, A. 11., 
Rngelmann, Henry, and Norwood, J. <}., (leol. Hardin County, (Jeol. Survey IllinoiK. 
vol. 1, 180B, pp. 350-375. Engelmann, Henry. Massac and Tope counties. Geol. Survey 
Illinois, vol. 1, 1866, pp. 428-495. 

"Fluorspar deposits of southern Illinois: Trans. Am. Inst. Mln. Eng., vol. 21, 1803, 
pp. 31-53. 

-Am. Jour. ScL, 3d ser., vol. 44, 1892, pp. 288-289. 

'Mineral Industry, 1901. vol. 9. pp. 292 29.5. 

^Bng. and Mln. Jour., vol. 74, 1902, pp. 41.S-414. 
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SCOPE OF TIUS REPORT. 

The present paper is essentially a preliminaiy statement of i-esults 
based upon work done in 1903 in the Illinois portion of the Kentucky- 
Illinois district. In this work the writer had the field assistance of 
Mr. A. F. Crider, and the benefit of l)oth field and office consultation 
with Mr. Vj. O. Ulrich, whose thorough familiarity with the Kentucky 
miners and the stratigraphy of the entin* region contributed greatly 
to the work. Mr. AU)ert Johannsen has furnished petrographic notes, 
which are incorporated in the general descrij)tion of the dike rocks. 
The rei>ort is intended to supplement the fuller discussion given by 
Mr. Ulrich and Mr. W. S. Tangier Smith of the district in general 
and the Kentucky mines in particular.*' Brief stat-ements concerning 
both portions of the district have already been published.* 

PHYSIOGRAPHY. 

GENERAL RELATIONS. 

The Kentucky-Illinois fhioi-spar district lies well toward the mid- 
dle of the Mississippi Valley, that great level-floored basin which 
occupies the continental interior of the United SUite^s. The district 
is somewhat nt^arer the Appalachian than the Rocky Mountain bor- 
der of th<» valley and about midway lK».tween the GiTsat Lakes and the 
(julf of Mexico. The Mississippi Valley, though a monot(mous plain 
when contrasted with its surroundings, has Iwen differentiated into a 
numlH»r of physiographic provinces, which st^uid in somewhat marked 
contrast with one another. Of these, three — the Allegheny Plateiius, 
the Gulf Plains, and the Ozark IMateau — meet within this district, 
while the Prairie Plains join it cm the north. 

The Allegheny Plateaus are represiMited by the Interior Lowland, 
as defined by Mr. C. W. Hayes.*" This occupies much of the mining 
district in Kentucky and includes the upland In^tween the Ohio River 
and Karb(»rs Ridge, in Pope and Hardin counties. 111. The Gulf 
Plains inchide the southern portion of Pope and the adjacent part of 
Massac County, in Illinois, and that portion of Kentucky which lies 
we.^t of the Tennessee River. The more exact limits are shown, cov- 
ered with Tertiary and Cretac<»ous deposits, on the accompanying gen- 
eral geologic ma]) of the district (PI. I). The Ozark PlaU^au is rep- 
resented by a long, narrow ridge of highland stretching across south- 
ern Illinois from about (irand Tower, on tlu' Mississippi, to Shawmn*- 
town, on the Ohio. This plateau is represcMited in Po])e and Hardin 

•• Prof. PaiHM- r. S. (Jool. Snivoy No. 'Mi. in uross. 

f- rirlch and Smith. lUill. V. S. «:c<)l. Siirvoy No. "Jl.'t. VMi'A, pp. LMJ5-2J3. Bain, BuH. 
V. S. (i«v)l. Survoy No. i'l>r», IJHM. pp. ."><».-,.-, 1 1 . 

*• Hayes, C. W., Southern Appalachians- Mon. Nat. <J<h>j;. Hoc, vol. 1, 1895, p. 310. 
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counties by Karbers Ridge, and its northern limit is defined by the 
South Fork of Saline River and certain tributaries of the Big Muddy. 
The Interior Lowland has in this area a general altitude of 500 feet. 
It merges with the Gulf Plains along a sinuous line marking the over- 
lap of Tertiary deposits upon an erosion plain beveling older rocks. 
It abuts sharply against the Ozark Plateau, which rises abruptly 
200 to 260 feet above it, amd which also overlooks the Prairie Plains 
to the north, which lies here at a general altitude of about 460 feet. 
Below the Interior Lowland and the Gulf Plains the Ohio and other 
rivers of the district have cut important channels to a general con- 
trolling base of 300 feet. 

TOPOGRAPHY. 

« 

Karbers Ridge. — Crossing the northern portion of Pope and 
Hardin counties is a belt of high land presenting an abrupt escarp- 
ment face to the south. It is limited on the south approximately 
by the southern boundary of the Mansfield sandstone (see PI. I). 
The escarpment rises 150 to 200 feet above the rolling plain at its 
base. The ridge itself is narrow and in Pope County reaches out 
in long, finger-like minor ridges between the southward-flowing 
streams. The main ridge rises to 700 or 750 feet above sea level, 
and is the most notable topographic feature of southern Illinois. 
As already indicated, it extends westward to the Mississippi, beyond 
which it is represented in the Ozark Plateau. To the east it becomes 
less and less distinct until lost in the uplands of western Kentucky. 

In Hardin County it has a ^neral east-west course and is excel- 
lently displayed. In T. 3 N., R. 8 E., and T. 3 N., R. 9 E., it is very 
sharply defined, the southward-fronting escarpment forming a great 
frowning wall. In Pope County the trend of the escarpment be- • 
comes more southwesterly. About 5 miles northwest of Golconda it is 
crossed by the road to Raum, the ridge here forming a narrow pro- 
jecting point of high land between the branches of Lusk and Little 
Grand Pierre creeks. It rises here to nearly 800 *» feet above sea, 
approximately 230 feet above the general upland at its base and 
500 feet above the river at Golconda. Farther west it has not been 
especially studied. 

On the north side the ridge in Gallatin County presents an 
even more striking front. From its base stretches the great plain 
of central Illinois, underlain by the soft beds of the Coal Measures. 
Farther west the northern boundary is not so well defined. 

Various names have been applied to this ridge at different points. 
There has been as yet no adequate physiographic study of the region 
as a whole, and for the present no attempt need l)e made to define and 



o AH eleyatioDg are based on barometer determinations and are approximate only. 



16 FLUORSPAR DEPOSITS OF SOUTHERN ILLINOIS, [bull. 255. 

name the entire ridge. For convenience that portion developed in 
Pope and Hardin counties wUl be called by the local name " Karbers 
Ridge," a name also applied to a small village at the base of its south 
front. 

Upland plain. — At a lower level and extending southward from 
Karbers Ridge to the Ohio River is a rolling, broken plain sloping 
gently from about 600 feet elevation at the north to 500 feet at the 
south. While somewhat irregular in detail, it is in general a mark- 
edly level plain. The high Shetlerville Hills rise somewhat above it, 
but aside from them all the country south of Karbers Ridge in Illi- 
nois is at or below the level of this plain. In Kentucky there are 
several hills which rise above it, and in both States the rivers and 
their tributiiries have reduced considerable areas to a lower level. 
Along the north side of the Ohio such a lower plain is locally devel- 
oped l>etween Elizabethtow^n and Cave in Rock. Here a strip ap- 
proximately parallel to the river and 2 miles wide has been reduced 
to an altitude of alwut 440 to 400 feet. North of this strip the coun- 
try rises very abruptly to 550 or ()00 feet, after which the even 
upland plain is preserved, excx^pt for the interruptions due to river 
valleys, to the foot of Karlx»rs Ridge. North of Golconda there is a 
distinct bench at about 480 feet alwve sea, w^hile above that, at 550 to 
575 feet, is the general upland plain. 

The upland plain is developed upon various sorts of rocks. Lime- 
stones, sandstones, and shales outcrop at various points within its 
limits, and all have been cut down to a common level. Locally the 
individual formations influence the topogi'aphy, as northeast of 
Elizabethtown, where the St. l^ouis limestone underlies the lower 
plain mentionexl, and as in the case of the Shetlerville Hills, twin 
peaks, conspicuous from every point upon the upland, which are 
largely composed of the hard sandstone and conglomerate of the 
Mansfield. The plain is a true peneplain and marks an ancient base- 
level of erosion. It was formed at a time when the surface of the 
earth was undisturl)ed for so long a time that the streams broadened 
their valleys until the hills between were almost entirely cut away. 
The time at which this occurred is approximately fixed by the fact 
that in southern l^ope County the [)lain passes very gradually beneath 
the gravels and* sands which are believed to l)e of Tertiary age. In 
southern Illinois also this plain marks the northwestern limit of the 
Interior Lowland, whose age has been fixed as Tertiary at a number 
of points." 

River valleys. — Into the upland plain the rivers have cut their 
valleys. For the most part these are rather narrow and sharp walled. 
The Ohio, the master stream of the area, has a low-water level of 290 
feet from Golconda to Elizalwtlitown. It flows between high rock 

• Hayes, loc. clt. 
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walls for the greater part of its course. At 345 feet there is at several 
points a wide development of bottom land, as at Elizabethtown, Rosi- 
clare, and near the mouth of Lusk Creek at Golconda. From Bay 
City the low land extends west in a broad belt, known as tlie Bay 
Bottoms, to Cache River, in Johnson County. In periods of flood an 
independent connection between the Ohio and Mississippi rivers is 
established by this route. At Rosiclare the bottom is likewise subject 
to overflow. The Ohio makes the impression of being very imper- 
fectly adjusted to its valley. The great Bay Bottoms cut directly 
through the upland, but are traversed by only insignificant streams, 
while at various points along the Ohio the valley seems none too 
large for the stream. The arrangement of tributaries is also erratic. 
Near the mouth of Grand Pierre Creek are tributaries which head 
within a few feet of the Ohio, but flow northward and by a rounda- 
bout way into the minor stream. There are no topographic maps of 
the region and no good drainage maps, so that it is unsafe to make 
many generalizations. It seems clear, however, that the streams are 
poorly adjusted and that they show evidence of superposition. Their 
courses were for the most part determined when the present upland 
was a lowland, and with its uplift they have cut directly downward 
without much adjustment through hard and soft rocks alike. The 
most important tributaries of the Ohio — Big Creek, Grand Pierre 
Creek, and Lusk Creek — have cut back across the upland until their 
headwaters are at work upon the south slope of Karbers Ridge. At 
several places the tributaries of these streams on the south and those 
of the Saline River on the north have cut entirely through the ridge, 
forming passes or gaps. Packers Gap, near the headwaters of Grand 
Pierre Creek, is one of the best known. 

GEOIX3GY. 

GENERAL STATEMENT. 

Both igneous and sedimentary rocks occur in this district. The 
former are represented in a number of dikes found near the Ohio 
River and are all, so far as known, of the same general class of 
rocks. The sedimentary formations represent four different sys- 
tems — Devonian, Carboniferous, Tertiary, and Quaternary. The 
Devonian outcrops are confined to a limited area in northern Hardin 
County; the Tertiary gravels are found only in southern Pope 
County; the Carboniferous occupies the larger part of the terri- 
tory, while the loess loam of the Quaternary extends as a thin 
mantle over the whole. The Carboniferous rocks consist for the 
most part of formations Iwlonging to the Mississippian series, the 
Mansfield sandstone alone representing the Pennsylvanian. In the 
Bull. 255—05 M 2 
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division and classification of the Carboniferous, the scheme used 
by Mr. Ulrich in his discussion of the adjacent Kentucky district 
has been adopted in its entirety, with the exception that, as a matter 
of practical convenience in preliminary mapping, the dividing line 
between the St. Louis and the Tullahoma is drawn at a slightly 
higher horizon than the one recognized by him, and the Spergen 
Hill discriminated by him between the St. Louis and the Ste. Gen- 
evieve was not recognized in the course of this work. Mr. Ulrich con- 
siders the Birdsville and Tribune formations the equivalent of 
Kaskaskia as originally defined, and the.se with the Cypress and 
the Ste. Genevieve as making up the Chester. In the earlier work 
of Engelmann and Worthen" the lines were somewhat differently 
drawn, but for reasons which Mr. Ulricli has elsewhere discussed it is 
impracticable to follow them exactly. A general tabular arrange- 
ment of the formations is presented below. 

Table of formations^ southern Illinois, 



System. 



Formation. 



Chamcter. 



Quaternary 
Tertiary . . . 



Lafayette (?) 



Carboniferous 



Loess loam. 
Gravels. 



Mansfield Sandstone and conglomerate. 

Birdsville | Sandstone, shale, and thin limeetoneB. 

Tribune Limestones. 

Cypress Heavy-bedded sandstone. 

Ste. (Genevieve Oolitic limestones. 



St. Louis. 
Tullahoma 



Limestones and chert. 
Chert and limestone. 



Devonian 



Ohio Black shale. 



DESCRIPTION OF SEDIMENTARY FORMATIONS. 



DEVONIAN ROCKS. 



OHIO SHALE. 



Character. — The Ohio shale as developed in this area is a black, 
fissile shale or slate. It splits in very thin sheets parallel to the 
original bedding and is very uniform in character. The only excep- 
tion to this statement is that at the top a thin bed was observed which 
Mr. Ulrich considers the equivalent of a similar bed forming the top 
of the formation in middle Temu^ssee.'' In it thei'eare small, rounded 



T.eol. Illinois, vol. 1, pp. 70-83, 348-495. 
«> Geologic Atlas IJ. S., folio l»r>. V. S. Geol. Survey, 1908, p. 2. 
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pebbles of black material, probably phosphate of lune. There is also 
a certain amount of a green, flaky material, probably glauconite. 
This bed is very thin and was observed at only one point. 

Thickness, — The total thickness of the formation is unknown, as 
its bottom is not exposed and there are no drill holes passing through 
it. A careful estimate was made by Mr. Ulrich and the writer; at 
least 50 feet are exposed, and probably 100 feet or more are pre.s- 
ent. It is difficult to make an exact estimate owing to imperfect 
exposures and variable dips. 

Distribution. — No exposures of the shale are known except in the 
vicinity of Hicks, in Hardin County. The shale here outcrops over 
I wo areas, as indicated on PI. III. It is found here in the bottom of 
streams, but is covered by younger rocks of the hil]s. It occurs in a 
series of exposures showing dips outward from a common center and 
indicating that it is brought to the surface in a low dome. The gen- 
eral relations are indicated on the special map of the Hicks area and 
in the cross section from Rosiclare to Karbers Ridge (PI. IV). 

Nanie. — In the older publications this shale was referred to merely 
ai5 the Devonian black shale. It is believed to be the equivalent of the 
Chattanooga shale of Tennessee, the New Albany shale of Indiana, 
nnd the Ohio shale of Ohio. The latter, being the oldest geographic 
name used for it, is adopted in the present discussion. '^ 

CARBONIFEROUS ROCKS. 
TULLAHOMA FORMATION. 

Cliaracter, — ^The TuUahoma, as developed in Hardin County, con- 
sists for the most part of flint or chert. It includes some shale and 
a subordinate amount of nonmagnesian limestone, but the latter is 
rarely exposed, as it has usually been dissolved, and merely a gentle 
talus slope of flint fragments remains. Mr. Ulrich, in discussing 
the formation as developed along Hicks Branch, recognizes the fol- 
lowing divisions : 

In the basal 50 feet the shales predominate in the ratio of about 2 to 1. In 
the next 50 feet the layers of shale and chert constitute about equal proiK)r- 
tions of the mass, while an occasional layer of limestone is intercalated. In 
the third 50 feet the shale decreases to little or nothing, while the chert and 
limestone bands alternate and are about equally imiwrtant. In the fourth 50 
feet shales are practically absent, tlie limestone has become somewhat heavier, 
though irregularly bedded, and the chert is proportionately less abundant. At 
the top there are 25 feet or more of slightly cherty, light-colored, massive 
or laminated limestone, containing fenestellid Bryozoa. 

In this report the line l)etween the Tullahoma and the St. Ix)uis 
is drawn at the top of these beds or at the lowest ledge marked by 
the common presence of the easily recognized coral Loiisdcdia {Litho- 
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strotion). Mr. Ulrich would class the upper 25 feet of strata as 
above dascribed with the succeeding formation rather than with the 
TuUahoma. 

Thickness. — ^Exact measurements of the thickness of the formation 
are not available, but checked estimates, based upon dip measure- 
ments and barometer observations, place it at 200 to 225 feet. 

Distribution and relatioiis. — ^The TuUahoma outcrops in north- 
western Hardin County in a belt around the dome of Ohio shale 
near Hicks. Its area of outcrop is limited in turn by a similar belt 
of St. I^uis limestone, the next succeeding formation. So far as 
known the formation does not come to the surface elsewhere in these 
counties, though it is quite possible that small areas are exposed in 
the faulted region east of that represented on the Hicks special map. 
In Kentucky, Mr. Ulrich has recognized the formation near Smith- 
hind and near Princeton. It rests with slight uncomformity upon 
the Devonian shale l)elow. The relations to the St. Louis are less 
clear, and it can only be stated that there is no obvious imconformity 
in the Hicks area. 

Name and correlation. — ^The name TuUahoma is derived from a 
locality in Tennessee, where it was applied by Safford in 1900 to the 
equivalent beds. The formation represents early Mississippian time, 
including probably that within which the Kinderhook, Burlington, 
and Keokuk formations were deposited along the Mississippi. It 
shows only general faunal relationships to these formations, and it 
is impracticable to make detailed correlations with them. 

ST. LOUIS LIMESTONE. 

Character. — The St. Louis limestone is for the most part a fine- 
grained, dark-colored rock, breaking with a sharp conchoidal frac- 
ture. It is moderately thin bedded and apparently nonmagnesian. 
It is characterized by the prestmce of abundant chert nodules, which 
are irregularly rounded and are most marked along bedding planes. 
They frequently show a distinct concentric structure, and individual 
nodules 3 to 4 inches in diameter are veiy prominent and character- 
istic on weathered or fractured surfaces. 

The St. Louis limestone is apparently exceptionally soluble, and 
its areas of outcrop are marked by numerous sink hok»s, which often 
contain ponds of water. The irregular surface and large number of 
ponds remind one strongly of a drift-covered surface. 

T/urkne-sfi, — A thickness of 105 fe(»t of linieslone is exposed at Jacks 
Point on the Ohio, near Pilizabeth. The beds have a low dip, which, 
if maintained, would give a total of s(»veral hundred feet as the thick- 
ness expos<Ml along the Ohio, but of this there is no certainty. Mr. 
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(Tlrich estimates the thickness of the formation in this district at 300 
to 400 feet. 

Distribution and relativnH, — The St. Ijoiiis outcro]>s over a consid- 
erable area in Hardin Coimty. In the vicinity of. Hicks it surrounds 
the belt of Tullahoma, and is itself surrounded by the Ste. Genevieve. 
To the southeast of Hicks it is cut off by a fault (PI. IV), which 
brings it into juxtaposition with the Birdsville and the Mansfield 
sandstones. To the east and beyond the limits of the detailed maps 
the relations ai'e less certainly known, but faulting seems to have 
largely determined the boundary lines of its areas of outcrop. 

The limestone covers a considerable area adjacent to the Ohio River 
and extending from Cave in Rock to Rosiclare. It extends from the 
river back to Lead Hill, a maximum distance of 3 miles, and its north 
boundary is in part at least determined by a fault plane. At Eliza- 
l)ethtown the limestcme is well* displayed in the river bank and may 
be seen immediately in front of the Rose Hotel. It is exposed at 
intervals down to the small stream entering the river a quarter of a 
mile below Orr's landing, where the Ste. Genevieve limestone makes 
its appearance. The relations of the two are not altogether clear. 
The rocks along the stream dip toward it on either side, and the pres- 
ence of barite, fluorspar, and quartz seems to indicate a certain amount 
of fracturing of the rock. There is, however, no certain evidence of 
faulting, and the relations may be those of simple conformity. Be- 
tween this point and Big Creek Bridge (PI. II) there are practically 
no outcrops. At this point the relations of the St. Louis to the Ste. 
Genevieve are almost certainly those of faulting, such as quite cer- 
tainly are the relations of the St. Louis and the Cypress sandstone. 

Name and correlation. — St. Louis is a well-known name, long 
applied to the beds here mapped nnder it. Engelmann, in his early 
work in this region, correlated these beds with those exposed and 
studied at St. Louis, and there are no reasons for questioning his 
conclusions. 

STE. GENEVIEVE LIMESTONE. 

Character and thickness. — The Ste. Genevieve limestone is in many 
instances lithologically similar to both the St. l-iouis limestone below 
and the Tribune above. It is fine grained, medium bedded, and non- 
magnesian. Its most common distinguishing characteristic is the 
presence of massive oolitic beds, which may easily be distinguished 
from the occasional beds of oolite in the other formations by their 
thickness, massiveness, and light color. The formation has also an 
abundant and characteristic fauna which is readily recognized. Am- 
"plexus geniciilatus and Platycnnus hunts villi may be mentioned 
among the most widespread of its characteristic fossils. Mr. Ulrich 
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i"ecogiiizes throo nieiiibei*s within the foniintioii. They may be de- 
scribed as below : 

Qetieralized section Ste. Genevieve limestone, southerti Illinois. 

ThlcknesM 
In feet. 

Olinra member. Limestone, fine grained, thin IwHlded, !n part sbaly and 
always associated wltli sliale 30-107 

Roslolare member. Caleiferous sandstone; in weathered exposures 
showing much sand and usually markeil cross-bedding; in un- 
weathered surfaces predominantly calcareous material and easily 
overlooked 1-25 

Fredonla member. Mainly oolitic limestones, white and light blue, 
interbedded with crinoidal, crystalline, and fine-grained limestones 113 

Total 144-245 

While the w^iole of the formation is fossiliferous, the Ohara mem- 
ber is particularly so, the shaly bands being crowded with fossils. 
One of these bands, occurring usually about 30 feet above the Rosi- 
clare sandstone and lacing about 8 feet thick, forms a horizon easily 
recognized and hence of considerable importance in stratigraphic 
work. From it at Shetlerville the following fossils, as determined 
by Mr. Ulrich, wore obtained: 

Zaphrentls pelliensis. Clelothyrls sublamellosa. 

Amplexus geniculatus. Clelothyrls hirsutn. 

Pentremites florealis. Semlnula trinuclea. 

Spirifer leldyl. Dielasma formosa. 

Spiriferina norwoodl. Dielasma turgidum. 
Spiriferina transversa. 

Distribution, — The Ste. Genevieve limestone is very widely dis- 
tributed in both Pope and Hardin counties. It is shown on the 
accompanying maps (Pis. II and III), both surrounding the St. 
Ijouis limestone near Hicks and outcropping between it and the 
Cypress sandstone in the Rosiclare area. In addition, it occurs both 
east and north of Cave in Rock, near Shetlervalle, Eichom, and at 
various other points which will l)e more particularly noted in 
describing the various mines. Its significance in the present dis- 
cussion arises from the fact that the important ore bodies so far 
found have been in most cases closelv associated w^ith this limestone. 

Name and correlation. — In the work of Engelmann and Worthen 
the Ste. Genevieve limestone was not discriminated from the St. 
I^)uis and the general group to which the name Chester was applied. 
The Fredonia member seems to have b(»en considered to l)elong with 
the St. Louis, while the Rosiclare and Ohara members were sometimes 
included w^ith the overlying l>eds and sometimes not.^ 

These discrepancies came mainly from the fact that faulting was 
not recognized as important in interpreting the stratigraphy of the 

« See sections, p. 78 and p. 307, Geol. Survey Ulinois, vol. 1, 1866. 
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district. Mr. Ulrich recognizes these beds as the equivalents of 
those to which Shumard originally gave the name Ste. Genevieve in 
Missouri, and that name is accordingly applied to them here. 

Princeton limestone is a name for the beds which has obtained a 
certain amount of local use, but which is considered synonymous 
with Ste. Genevieve. On account, principally, of the affinities of its 
fauna, Mr. Ulrich regards the Ste. Genevieve as the base of the 
Chester group. Mr. Keyes ^ considered it to belong to the St. Louis, 
to which it is much more closely related lithologically than to the 
overlying Cypress sandstone. 

GTPBESS SANDSTONE. 

Character and thickness. — Above the Ste. Genevieve is a massive to 
heavv-bedded sandstone almost whoUv quartzose. So far as has 
been observed, this formation contains very little shale or argillaceous 
matter. The lower portion of the sandstone is characteristically 
heavy bedded, but the upper portion is somew^hat thinner bedded to 
flaggy. Near the middle is frequently a thin bed of chert-bearing 
limestone carrying a characteristic fauna. 

The thickness of the formation in this area may be estimated at 
80 to 100 feet. 

Distributian and relations. — No attempt has been made in the maps 
so far* prepared to separate the Cypress from the Tribune and Birds- 
ville. It would be possible to do so only on good base maps and with 
time for detailed studies. The Cypress sandstone is doubtless pres- 
ent at many points in both Hardin and Pope counties, but may easily 
be confused with certain phases of both the Birdsville and the Mans- 
field. It may, however, be seen typically developed at both Rosi- 
clare and Shetlerville. At the former localitj^ it caps the Ste. 
Genevieve limestone in Downeys Blutt', the basal heavy-bedded sand- 
stone being present. At Shetlerville these basal beds are lass typ- 
ically exposed, but the thin limestone member and the overlying 
flaggy sandstone were recognized by Mr. Ulrich. 

IVame and correlation. — Cypress sandstone is a name originally 
proposed by Engelmann ^ for this formation. Equivalent beds have 
been called Big Clifty sandstone by Mr. Norwood,^ and Aux Vases by 
Mr. Keyes.** In the early geologic literature of the region most of 
the exposures of this sandstone were referred to the " Ferruginous 
sandstone," a term also applied at times to what is here called the 
Mansfield sandstone. 



•Geol. Survey Missouri, vol. 4, 1894, pp. SO. 76. 
•Trans. St. Louis Acad. Scl., vol. 2, p. 189. 
' Geol. Survey Kentucky, new ser., vol. 1, p. 369. 
'Bull. Geol. Soc. America, vol. 3, p. 296. 
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TRIBUNE LIMESTONE. 

Chxiracter and relations. — At the Fairview mine the foot wall of 
the vein at the surface consists of a coarse, crystalline, nonmagnesian 
limestone, light gray to white in color and containing minor quanti- 
ties of oolite and of chert. The following fossils were collected from 
it and recognized by- Mr. Ulrich : 

Zaphrentis spinulifera. Zeacrlnus monniformis. 

Pentremites godonii. Lyropora rana. 

Pentreniites pyrlformis. Lyropora subquadrata. 

Pentremites tuberculata. Spirlfer increbescens. 

Stenopora cervinus. Spirifer leidyl. 

On the basis of these fossils he determined this limestone to be the 
same as that at Tribune, Ky., representing the middle Chester. It 
is impossible at Fairview to determine much regarding the relations 
of the limestone. It is cut off on all sides by faults, and its thickness 
is somewhat uncertain. The shaft at a depth of 200 feet shows simi- 
lar limestone on the foot wall. Whether it is indeed the same or 
represents the Ste. Genevieve can not be positively ascertained, since 
it is impossible to make a complete examination of the wall rock from 
the top to the bottom of the shaft. At the first or 30- foot level Eilers 
mentions calcareous shale, and at the same level disintegrated sandy 
material may now be observed. This may possibly represent the 
Cypress sandstone, and, if so, the Tribune would here have a thick- 
ness of less than 50 fee t. The Tribune limestone has not been defi- 
nitely recognized at any other point. in the two counties, tliough 
there are at a number of points thick limestones which may possibly 
represent it. At none of them, however, were the fossils found which 
are considered to be peculiarly characteristic of it. 

BIRDSVILLE FORMATION. 

Chara^cter. — This formation includes sandstones, shales, and lime- 
stones. In distinction from the Cypress sandstone below and the 
Mansfield above, the Birdsville sandstones are particularly thin 
Ixidded. They seldom show massive character, and do not, so far as 
observed, give rise to sharp bluffs and canyons. They frequently 
grade into shales, becoming less and less sandy until true argil- 
laceous shale is found. The latter is occasionally thin bedded, black, 
and fissile, and contains thin coal beds. Interbedded with the shale 
and the sandstone are thin limestone lieds. The latter are usually 
somewhat argillaceous and are chert bearing. They are usually only 
a few feet thick, though one body having a maximum of 50 feet 
occurs in the formation. 

The general impression of the formation as a whole which one 
gains from traveling over it is that it is mainly a sandstone. It may 
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usually be discriminated from the sandstones above and below by the 
interbedded limestones and calcareous shales, which are easily re^'og- 
iiize<l by the couiuion presence of various sfHicies of Archimedes. 

Thickness, — Not enough detailed observations were made in Illi- 
nois to allow an estimate of its thickness to be made. Mr. Ulrich 
estimates it at 400 to 680 feet, and it can only be said that so far as 
general impressions go this estimate seems sufficiently conservative. 

Distribution. — The Birdsville is the most widespread of the Ches- 
ter formations in southern Illinois. It outcrops over much of Har- 
din, Pope, and various coimties to the west. On the maps accom- 
panying this report the greater portion of the area assigned to the 
Birdsville, Tribune, and Cypress formations, which for convenience 
are mapped together, is really occupied by the Birdsville. Outside 
of these areas the larger portion of the region shown on the general 
map (PI. I) as underlain by the Mississippian has the Birdsville 
formation at the surface. The particular areas underlain by the 
earlier formation have already been described. 

Since the Tribune limestone is not generally recognized, its absence 
is presumably due to faulting, by which the Birdsville and Cypress 
are brought together. Such faults are not easily detected, since 
rocks of similar lithologic character are brought into juxtaposition. 
In the Rosiclare area there are probably a number of such faults 
which are not indicated on the special map (PI. II). The sand- 
stone in the western part of section 28, for example, is presumably 
Cypress, since it rests in apparent conformity upon the Ste. Genevieve, 
and shows a normal erosion edge. In section 30 the sandstone at the 
surface is interbedded with thin limestones, characteristic of the 
Birdsville, and yet between the two there is neither any sign of the 
Tribune limestone nor of a fault such as the stratigraphy calls for. 
This raises a question as to the integrity of the Tribune formation, a 
question which can not be settled on the basis of the evidence locally 
available. The determination must accordingly rest upon Mr. Ulrich's 
wider studies, and on this basis faulting would have to be inferred as 
indicated. 

Name, — The name Birdsville was given to the formation by Mr. 
Ulrich from the typical exposures near Birdsville, Ky. 

MANSFIELD SANDSTONE. 

Character, — The topmost member of the Carboniferous within the 
district is a massive to thick-bedded sandstone, which is especially 
characterized by the common presence of small well-rounded peb- 
bles. These are mainlj^ of clear white quartz, but some chert is also 
present. In the absence of the pebbles it is difficult to distinguish 
the Mansfield from the Cypress and cei-tain beds in the Birdsville. 
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It is quite possible that outliers of it have been overlooked. It very 
commonly carries small flakes of mica, and these are rare, at least 
in the other sandstones. This fact is of material assistance in i^ecog- 
nizing it. The formation seems to rest unconformably on the Birds- 
ville. 

Distribution. — ^The Mansfield sandstone outcrops around the north- 
em and eastern side^ of the district, and its edge practically marks 
the limit of the productive territory. It rises in sharp bluffs, form- 
ing Karbers Ridge, as already discussed. South of this escarpment 
there are a number of outliers formed of fault blocks let down into 
the older formations. A few of them are indicated on the general 
map. No attempt has been made to map all of them, and the Mans- 
field has not been especially studied in the coui'se of this work, and 
no estimate of its thickness was made. 

Name and correlation, — The name used here for these beds is tliat 
adopted by the Indiana geological survey. Formerly the beds were 
commonly referred to as the Conglomerate measures or the Millstone 
grit. The Mansfield forms the base of the Pennsylvanian series of 
coal measures and is regarded as of late Pottsville age. 

TERTIARY DEPOSITS. 

In the southern part of Pope County, including the highland south 
of Bay Bottoms, scattered pebbles and thin beds of gravel make their 
appearance on top of the Carboniferous formations. The pebbles are 
well rounded and seemingly waterworn. They vary in size from a 
half inch to two inches in diameter and exhibit considerable hetero- 
geneity as to both composition and material. Pieces of quartz, quartz- 
ite, sandstone, and chert are common. The chert fi'equently contains 
fragments of fossils, so far as observed, of common Carboniferous 
species. The pebbles were not observed elsewhere in the district, 
but near the old shaft immediately east of the main working shaft 
of the Rosiclaro mine there are numerous similar pebbles scattered 
over the surface. Among them was one rounded and apparently 
waterworn pebble of galena showing quartz crystals in a small druse. 
It is possible that these represent ix?nmants of a former extension of 
the formation. In general all the pebble^s observed are such as might 
have been derived from the destruction of local formations. 

No special study of these gravels was made, nor were the green 
sands, said by Worthen to aceomi)any them in Pulaski County," 
examined. Worthen determined these beds to l)e of Tertiary age. 
Mr. McGee^ has referred them more specifically to the Lafayette 
formation. 

• Geol. Survey Hllnols, vol. 1, 1866, pp. 44-47. 

» Twelfth Ann. Rept. TJ. S. Geol. Survey, pt. 1, 1891, p. 469. 
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QUATERNARY DEPOSITS. 
LOESS LOAM. 

Throughout the two counties there is commonly a surface material 
of li^ht-buflF, pebbleless clay or loam. This is spread as a thin mantle 
over the underlying rocks, and over the flat uplands, in particular, is 
widespread. On the slopes it is cut away or so mixed with residual 
nuiterial as to be indistinguishable. In places the sand contributed 
to it by the decomposition of the local rocks is very abundant. In 
other places, however, it exhibits all the characteristics of upland 
loess of the glaciated area farther north, and it is doubtless a phase 
of one of the older loess sheets which have been there discriminated. 

ALLUVTUM. 

Along the Ohio and many of its tributaries are numerous broad, 
flat lx)ttoni lands underlain by alluvium. No attempt has been made 
to discriminate them on the accompanying maps, nor has any study 
l)een made of the interesting and complex river history which they in 
part record. 

DESCRIPTION OF IGNEOUS ROCKS. 
GENERAL STATEMENT. 

The discovery of intrusive igneous rocks in Illinois was very recent. 
In 1889 Mr. Ulrich, while working for the Kentucky Geological Sur- 
vey, discovered the Flannery dike in Crittenden County, Ky., and in 
1892 Mr. J. S. Diller described the rock. From time to time other 
dikes were found in that State, until now a considerable number are 
known. In 1902 Mr. W. S. Tangier Smith located the Mix dike above 
Golconda, that l>eing the first found in Illinois. In the course of the 
work in 1908 a number of additional dikes were foimd, and there are 
doubtless others which as vet remain undiscovered. Near Hicks Mr. 
Crider foimd considerable mica in one of the streams, and Mr. F. 
Julius Fobs has furnished a specimen of a mica-bearing rock picked 
up nearby. So far, however, it has proved impoasible to find material 
in place. 

The dikes so far found are indicated on the accompanying maps. 
In no C4ise has a dike Ikhmi traced any considerable distance, and with 
two exceptions they are found only in the bluffs of the Ohio and for 
a short, distance inland. The dike in Downev's bluff at Rosiclare 
sends off a thin sheet which is intruded into beds of the Ohara member 
of the Ste. Genevieve. The dike at Orr's landing has a thin stringer 
running off into the St. Ijouis limestone. With these exceptions the 
igneous rock so far as known occurs only in normal, vertical dikes. 
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The individual occurrences are described Iwlow, groni)ed by locali- 
ties, the petrographic notes bein^ by Mr. Allwrt Johannsen, of the 
United States Geologi(!aI Survey. He makes the following general 
observations on the rocks, based on an examination of material from 
both the Kentucky and Illinois occurrences: 

So far as they can be determined from the altered state of most of the rooks, 
they fan into two groups, niiea-iwridotites and lamprophyres, the majority of 
the specimens belonging to the latter. In all the K}>ecimen8 (of the lamprct- 
phyre) the original minerals are w) mwh altered to oalelte that subdivision is 
imi)ossihle, for in no case is there any of the feldspar remaining. It is iKissible 
that there was originally no feldspar, although the disposition of the particles 
and replacement products seems to i)oint in some of tlie thin sections to a ground- 
mass originally in lath-shaped crystals. 

There is a sharp distinction l)etween the mica-r»eridotites and the lampro- 
l)hyres, however, in that in the former, olivine, either partially or entirely ser- 
pentinized, is clearly shown, while In the latter there is no indication of its ever 
having occurred ; again, in the latter there is a remarkable and unusual occur- 
rence of apatite. This cxx-urs in nearly all of the lamprophyre slides In large, 
perfectly fresh, short, thick prisms, tlieir unchangeil c-onditlon making a strik- 
ing contrast with the state of alteration of the remainder of the sections. The 
presence of phlogopite in botli groups, rather than a more usual variety of mica, 
connects them in a manner. 

Orv'^s landing. — About a quarter of a mile l)elow Orr's landing 
(SW. i NE. i sec. 33, T. 12 S., K. 8 E.) the St. I»uis limestone is 
cut near the water's edge by a vertical dike about 10 inches thick. 
This shows, on superficial examination, very little igneous material. 
The bulk of the dike is made up of clastic material, consisting of 
rounded i:)ebbles of limestone and quartzite. These attain a maxi- 
mum diameter of (> inches, and, while the country rock is St. I.«ouis 
limestone, they include litliologic types not found in that formation. 
The pebbles are in a matrix of dark calcareous material, in which, on 
examinati(m, Mr. Johannsen found much pyrite, some magnetite, 
quartz, and large apatites. He regards it as a lamprophyre now 
nearly entirely altered to calcite. There are 3 to 4 inches of calcite 
parallel to the dike material and separating it from the wall, and in 
small seams intersecting the whole calcite and fluorite are developed 
together. On the east side of the dike a narrow irregular crack leads 
off through the limestone for a nundxT of fe(»t. Along either side 
of this crack the limestone is altered and darkened for about 2 inches 

This somewhat peculiar dike si»en)s to represent the intrusion of 
liquid and not entirely dry magma into an open crevice partially 
choked by gravel and waterworn material washed in from al)ove. 
There has been a[)parently some slight alteration of the limestone, 
lliough the nature of this alteration has not been studied, and whether 
the introduction of the fluorine was incident to it is wholly unknown. 

RoHiclare qnarry, — In the (piarries in the Ste. (ienevieve limestone 
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iiniediately above Rosiclare landing there are two dikes which Mr. 
ohannsen describes as follows : 

Me^SGopically the rock is luiicb altered/ and at first sight it appears to be a 
»iig]onierate with included fragments of shale. These shaly particles are, how- 
ror, an alteration product of mica, as Is shown by thin sections under the 
ieroscope. Microscopical examination shows the rock to be almost entirely 
tered to calcite. Large apatites. Iron oxide, chlorite, and serpentine occur. 

The two dikes are about 10 feet apart, and are each about 10 inches 
lick. They are vertical and apparently do not mark faulting planes, 
he limestone in contact with them shows no apparent alteration, but 
arallel with them and disposed on either side are a number of promi- 
ent veins of calcite carrying smaller amounts of fluorite. The whole 
irstem of veins and dikes has a course about N. 45° W. 

A single specimen of ordinary diabase was obtained from near here 
I the town of Rosiclare. It was found in digging a well, but as the 
Nations are not known it possibly represents material brought down 
le river during Glacial times, and until further data are available it 
m hardly be considered as representing another dike. 

Downey^s hlnff. — In the high bluff between Rosiclare and Fairview 
mdings is one of the most interesting of the occurrences. The rock 

found here both in a well-defined dike, cutting the point of the hill 
ith a course N. 31° 30' W., and in a thin sheet intruded between 
*ds of the limestone lying above the Rosiclare sandstone member, 
he dike itself is 4 to 5 feet wide. The main sheet running off from 

is 6 inches thick, and about 3 inches above this is a second sheet 
irely 1 inch thick. The two are connected by very thin stringers 
F igneous material, indicating apparently a condition of high fluid- 
y. The dike does not mark a faulting plane, though on the north- 
est side of the hill the sheet is cut off by an east-west fault of 70 
jet, with downthrow to the north. The dike has been traced to 
le north about 1,000 feet to a spring, beyond which it is either 
it off by the fault or fails to outcrop because of the presence of 
iluvium. 

Despite the penetration of the rock into the thinnest crevices of 
le limestone, there is no macroscopic evidence of the alteration of 
ic latter by contact mctamorphism. Mr. Johannsen examined a 
umber of specimens of the contact rocks, and notes that " there is 
othing to indicate a change caused l)y the intrusion." His petro- 
paphic description of the rock, which he determines as a lampro- 
hvre, is as follows: 

Megascopically this Is n very dark jwrphyrltic rock, consisting of a flne- 
•nin<Ml groundmass full of plM»nocrystH of dark mica and pyroxene. The mica 
»nerally occurs in Imsal s(H*tlons of alnait 1 mm., tlunigh occasionally crystals 
' over a centimeter wcur. The crystals of pyroxene are of small dimensions. 
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Under the iiiicroscoixj the structure is holocrystalllne pon>hyrltic, the grouiid- 
mass being much less in nuiount than the phenocrysts. The phenocrjsts are 
irregular in outline and of varying sizes, and are, in the order of their impor- 
tanc^e, mica, pyroxene, apatite, iron oxide, and, possibly, iierofskite. The mien 
occurs in large crystals and is chiefly phlogopite, with biotite in lesser amount. 
The iron mineral is titanite and. possibly, considerable titnniferous magnetite. 
I*yrlte occurs in several of tlie slides. The pyroxene is usually much altered, 
but in section No. 4 there are remnants of a pleochroic augite. The groundmass 
is largely altertMl to calcite. The secondary products are calclte, serijentlne 
(from i)yroxene), leucoxene, and quartz. 

Soward farm. — Northwest of Rosiclare (W. \ sec. 31) is an inter- 
esting occurrence of dike form which possibly indicates the presence 
of igneous rock a little below the surface. The rock itself is clastic, 
and shows both angular and rounded fragments of limestone, with 
flakes and bits of black shale cemented by a limestone matrix. Some 
very altered ferruginous material may represent igneous rock, but 
this is uncertain. From the mode of occurrence it is possible that 
this represents a fissure filling, largely of material brought up from 
below by the intrusion underneath. It is mentioned merely as a place 
at which it is thought igneous rock may yet l)e found in situ. 

Mix fami. — ^There are two dikes known in Pope County. One of 
them is that discovered in 1902 on the Charles Mix farm, a few miles 
above Golconda (sec. 8, T. 13 S., R. 7 E.). It cuts Chester sandstone, 
presumably of Birdsville age, and has a course about N. 40° W. It 
shows only in the river bluflF, and apparently the intruded rock has 
not been in any way altered. Mr. Johannsen determines the rock to 
be a mica-peridotite, somewhat similar to that described by Diller, 
and describes it as follows : 

The hand specimen consists of a dark, granular, mottled black and white 
groundmass, with phenocrysts of mica and pyroxene. Under the microscope 
they very closely resemble the secticms of the Flannery dike. They consist 
chiefly of phlogopite, serpentine, ilmenlte, leucoxene, iKirofsklte, magnetite, and 
a little pyroxene and olivine. The olivine is only partially altered to serpen- 
tine. 

Golconda, — The second occurrence of dike material noted in Pope 
(^ountv is that found a short distance west of Golconda, at the Gil- 
bert prospect. This dike is 4 to 5 feet thick, vertical, and cuts Ches- 
ter — presumably Birdsville — sandstone and shale without faulting 
them. Mr. Johannsen descril^es the rock as follows : 

A pyroxene-lamprophyre, consisting of much calcite, chlorite, iron oxide, some 
phlogopite, leucoxene, and some sori>entine after pyroxene and, doubtfully, after 
olivine. The iron oxide is ilmenite, and probably some titaniferous magnetite 
occurring in cubical crystals. A little hematite occurs. 
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GEOLOGIC STRUCTURE. 
GENERAL RELATIONS. 

Tlie strnctnro of this district stands in marked contrast with that 
)f the remaining portion of Illinois. The widespread presence of ex- 
ensive fanlting and the intrusion of igneous rocks set it off sharply 
From the general surrounding region. If the Kentucky-Illinois dis- 
rict be considered as a whole, it seems to represent a portion of an 
extensive northwest-southeast monocline or, possibly, the northeast 
lalf of a dome whose remaining portion has disappeared beneath 
:he Tertiary deposits of the Mississippi embayment. To the north 
ind east the Mansfield sandstone dips sharply away and becomes 
leeply buried beneath the Coal Measures strata. To the south and 
^^est the bi^ds pass, with little dip and no uniformity, beneath the 
later sediments. Loughridge gives data suggestive of faulting along 
the contact,** and it may be that beneath the Cenozoic beds of that 
^egion there is deeply buried a structural remnant corresponding 
to that remaining on the other side of the district. Be that as it may, 
there are within the district manv evidences of local disturbance. 
These include a sharply defined little dome near Hicks, in Hardin 
County, and numerous faults throughout the territory. (PL IV.) 

HICKS DOME. 

This is a nearly complete uplift about 7 miles in diameter. Since 
.he black shale of the Devonian is brought up to the topographic 
level of the upper Birdsville within 3 miles, a vertical uplift of at 
least 1,000 to 1,500 fee^t has taken place. To the southeast the dome 
s cut off by a normal fault of 1,000 feet or more, by which Mansfield 
sandstone is brought into contact with St. I^ouis limestone. Around 
he edges of the dome, as in the vicinity of the Empire mines, there 
ire numerous normal faults, though none of them, so far as has been 
letermined, have much throw. Their presence none the less renders 
t improbable that the dome was raised by ordinary lateral thrust 
md indicates rather vertically acting forces. This conclusion is reen- 
Porced by the fact that normal faulting, almost exclusively, occurs 
n the district as a whole. 

Around the edge of the dome the rocks have quaquaversal dips of 
ligh angle. Along Hicks Branch, in sec. 26, T. 11 S., R. 8 E., the 
lips are 10° to 20° to the south and west. On the northeast the dip 
n section 17 is 5°. On the southeast, in section 31, it is 11°, and on 
;he southwest, in section 35, the dip is 8°. The dip decreases from 
:he center outward. The occurrence of the St. Louis along Hicks 

• Geol. Survey Kentucky, Jackson Purchase Uegion, 1888, p. 267. 
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Branch, and along a branch of Big Creek in section 20 (PI. Til), 
indicates a local irregularity in the dome. 

There are no known occurrences of igneous rock connected with the 
Hicks dome, but the presence of uimsual quantities of mica in the 
streams at one or two points lends color to the suspicion of their 
presence. 

FAULTS. 

Normal faults are found throughout tlie two countie^s. A number 
of these are represented upon the accompanying maps, and their 
particular relation to. the ore deposits will be discussed later. The 
throw varies from an imperceptible amount to 1,000 feet or more. 
All the Carlwniferous formations are affected. East of Cave in 
Rock the Mansfield sandstone and the Ste. Genevieve limestone are 
brought together. On Hog Thief Branch (sec. 30, T. 11 S., R. 9 E.) 
the St. Louis lime^stone is brought into contact with the Mansfield 
and with either Cypress or Birdsville sandstone. In the region 
l)eween Elizabc».thtown and Karbers Ridge there are many faults, 
and rapid changes in strata may be noted in traversing any of the 
roads. In Pope County, from the Ohio and the Bay Bottoms to the 
encircling escarpment of Mansfield sandstone, faulting is a common 
phenomenon, and in Gallatin County (sec. 21, T. .12 S., R. 7 E.) the 
Mansfield itself is cut by faults in numerous directions. 

There is no regularity as to the trend of the fault planes, though 
a ?najority of those so far studied have a general course north of east 
The individual fault planes are rarely traceable more than 1 or 2 
miles, but along the same general course faulting occurs for 12 to 15 
miles. For example, from the Empire mine (sec. 84, T. 11 S., R. 7 
E.) to the Wright prospect (sec. 3,T. 13 S., R. 5 E.) there is a suc- 
cession of prospects and evidence of disturbance of the beds, though 
there is small probability of a continuous fault. From the Rosiclare 
and Fairview mines the general course of the faulting may be pro- 
jected southwest to Bay City, and along the line frequent evidence 
of disturbances will be found, while at Bay City there is also min- 
eralization. 

On the other hand, there is usuallv clear evidence that the indi- 
vidual faults are of limited length. They occupy en echelon posi- 
tions and are by no means exactly parallel. This is illustrated on 
the special map of the Rosiclare district, where the various fault 
planer are olfset as indicated, and vary in direction nearly 80°. 
'J'liis tendency of faidt j)Ianes to take a course at a slight angle with 
what appeal's to mark the line of major stress is iH'Iieved to be the 
expression of a gi»neral law. The reason is not well understood, but 
seems to lie in the character of the rocks and the direction of the 
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stress. It is perhaps due to the presence of a slight horizontal ele- 
ment in the latter. 

The fault planes are usually vertical. The Rosiclare vein, occur- 
ring along such a plane, has been mined to a depth of 800 feet, and 
in that depth is so nearly vertical that the shaft is still within the 
vein. The Fairview vein has an average dip to the west of 79° 30'. 
The Hamp vein dips S. 68°. The Empire vein dips E. 73°. Even 
these departures from the vertical seem, on the whole, to be excep- 
tional, and the total effect of the faulting has been to divide the 
nearly horizontal rocks into a series of polygonal blocks, which 
have been raised or lowered with reference to one another, but with 
very little horizontal displacement. This type of structure, while 
perhaps common, has been but little discussed. Mr. G. K. Gilbert 
some years ago pictured * it, and Powell gave it the name " diverse 
displacement." It is, as he remarks, the Kaibab structure on a small 
scale. Recently Prof. W. H. Hobbs has called attention ^ to faulting 
somewhat similar in character; and in the Globe district of Arizona 
Mr. F. L. Ransome has described an intricate system of small normal 
faults, apparently very much like these.^ In the Columbia folio,** 
Hayes and Ulrich have mapped one block of strata, evidently 
bounded by similar fault planes, but with this exception the struc- 
ture has not been described from the Mississippi Valley. Its occur 
rence here is quite in keeping with the general peculiarities of the 
district, which set it off from the remaining portion of the geologic 
province within which it occurs. 

QUARTZITE REEFS. 

The fault planes are commonly marked by the development paral- 
lel with them of closely spaced fractures. WTiere these affect sand- 
stones and the latter have been changed to quartzite by the addition 
of silica, reefs or ridges of quartzite, not unlike dikes in topographic 
expression, are formed. These afford the most obvious means of 
recognizing fault planes. The juxtaposition of rocks of diverse 
lithologic character, such as sandstone and limestone, is also indica- 
tive of faulting, though occasionally the outcropping edge of a lime- 
stone interbedded with sandstone and shale becomes deceptive. 

DIP. 

Near fault planes the rocks often dip at a high angle, and this 
seems to be especially true in the western part of the district, where 

a Powell, Geology of the Uinta Mountaias, 1876, figs. 4 and 5, pp. 10-17. 
•Twenty-flrst Ann. Rept. U. 8. Geol. Survey, pt. 3, pp. 1»-1«2. 

« Geology of the Globe copper district : Prof. Paper U. 8. Geol. Survey No. 12, 1003, pp. 
97-106. 

* Geologic Atlas U. S., folio 05, U. S. Geol. Survey. 

BuU. 255—05 M 8 
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deformation apparoiitly has been accomplished in part through 
monoclinal folding rather than fracturing. At the Wright prospect, 
near Bock, the sandstone and shale in the creek strike N. 60° E. 
and dip 42° NW. AI)out 500 fw^t farther west the strike is N. 45° 
E. and the dip 40° SE. About a mile and a half east of Resort (sec. 
9, T. 13 S., li. 5 E.) there is a considerable l)elt of limestone striking 
N. 85° E. and dipping sharply to th(» soutlieast. Near the Luella 
mines (sec. 10, T. 12 S., R. 6 E.) dips as high as 50° were observed, 
and in a l>elt approximately ])arallel to the fault plane sandstone, 
shale, and limestone pass successively beneath the surface. Near 
Packers Gap (NE. J sec. 10, T. 11 S., R. 7 E.) heavy beds of sand- 
stone striking N. 80° W. have a dip SW. 49° and show evidence 
of some displacement l)etween the IxmIs. North of Elizabethtown on 
the Patton land (sec. 21, T. 11 S., R. 9 E.) there is a belt of rocks 
1,200 feet across, dipping 10° SE. and striking N. 30° E. The rocks 
include sandstone, shale, and thin limestones, such as characterize the 
Birdsvillc formation. There are minor faults and local evidences 
of thrust. 

These varying dips are notably irregular, and in no case studied 
did they indicate a regular system of folds. Occasionally, in connec- 
tion with the displacement, comprehensive stresses have been gen- 
erated, but these seem to have lieen entirclv local in their effect and 
incident to the general deformation by diverse displacement. 

GEOLOGIC HISTORY. 
PERIODS OF SEm MENTATION. 

Of the pre-Devonian history of this area nothing is definitely 
known. There are no exjKisures of earlier rocks in the district and 
there are no drill records reaching below the black shale. In the 
adjacent Ozark region, resting on i)re-Cambrian granites and ix)r- 
phyries, are Cambrian, Ordovician, and Silurian rocks, consisting 
largely of magnesia n limestones, dolomites, and sandstones. The 
contemporaneous rocks in the regicm south and east are largely non- 
magnesian limestones and shales. In the absence of data it is uncer- 
tain what kind of rocks were deposited hei*e, and it can only be in- 
ferred that in ])r(»-Devonian time the area was one of sedimentation, 
interrupted at intervals by pc^riods of erosion. From Devonian until 
late in the Carboniferous tit least, similar conditions prevailed. At 
times the area was covered by the sea and at times it formed part of 
the land. The details of this history have not been made out, and, 
so far as known, are not significant from the present point of view. 
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DEFORMATION AND INTRIT8ION OF KJNEOl 8 ROCKS. 

At some time after the deposition of tlie Mansfield sandstone, and 
presumably after the deposition of a considerable (hickness of coal 
nieasni*es, the region was uplifted and exi)ostHl to erosion. This may 
well have been merely a recurrence of uplift alon<^ a line marked out 
by previous deformation, since in the total unlikeness of the pre-St. 
Lfouis Carboniferous beds of this district to those alon<i: the Missis- 
sippi to the northwest there is evidence of an ol<l l)arrier U^tween the 
two provinces. However that may Ix*, the particular uplift mentioned 
was either in the Carlxmiferous or later. It was accompanied or suc- 
ceeded by fracturing and diverse displacement, and since this form of 
deformation probably occurs only when the l)eds are lightly loaded it 
took place either l)efore any great thickness of coal-measure shales 
was deposited over the region or after they were eroded. If account 
be taken of the large amount of erosion which the Mississippi Valley 
has undergone in Mesozoic and CVnozoic* time, it s(H»ms probable that 
this uplift occurred after a considerable thickness of rocks — later 
than any now known in the area — was deposited. In central and 
southern Illinois there are 1,000 feet or more of coal measures which 
are unrepresented in Pope and Ilardin counties. As these* IhmIs are 
nowhere preserved in the fault blocks of the latter area, there would 
seem to have l)een first an uplift of the district as a whole, followed 
by erosion, and this in turn by fracturing and displacement of the 
individual bloc»ks of strata. 

While the hypothe^sis is not perhaps susceptible of absolute <lemon- 
stration, the intrusion of the igneous material s<»ems to have accom- 
panied the fracturing and displact»ment. Tlu* relations of the dikes 
to the faults are not clear. In general the dik(»s si»t»m to occupy frac- 
turc»s along which there is practically no faulting, and the d(H»p faidt 
planes are not occupied by igneous inat(»rial, though they an* fre- 
cpiently the locus of veins. The occurrence in the* north flank of 
Downey's bluff of a fault cutting the small sheet of peridotite of 
course merely proves that some faults are later than some intrusions. 

Xo attempt to fix more definitely the age of the dikes and deforma- 
tion will be made, as any suggesti(m would rest wholly on analogy 
with neighboring regions showing similar phenomena, and tlu^re 
are none sufficiently close to give much weight to such suggestions. 

PERIOD OF EROSION. 

Since the defonnation, the faulting, and the intrusion of the 
dike material there has l>een prolonged erosion of the* area. It is 
extremely probable that this erosion has occurixnl in two or more 
cycles, but of the earlier ones there is now no demonstrable evidence. 
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The upland plain previously discussed marks the last of the im- 
portant cycles of erosion, and its age has already been suggested 
to be Lafayette or late Tertiary. At the completion of this cycle 
Karbcrs Ridge, the Shetlerville Hills, and certain areas in Kentucky 
remained as monadnocks rising above the plain. Since its comple- 
tion the countrv has been elevated as a whole 200 feet or more, and 
the streams have cut their present channels. This elevation seems 
not to have l:)een continuous, since there are tracers of incomplete 
peneplains below the main one and above the bottoms of the rivers. 

THE ORE DEPOSITS. 

GENERAL CHARACTER. 

The ore deposits of Pope and Hardin counties* are vein deposits 
occurring along faulting fissures. The vein material consists essen- 
tially of fluorspar and calcite, or " calc spar," as it is locally called. 
Associated with these minerals are minor amounts of the lead and 
zinc sulphides, galena and blende. There are also traces of other 
sulphides, notably those containing copper and antimony. Surface 
alteration is relatively unimportant, though some carbonate of zinc 
occurs, and in the adjacent portion of Kentucky one or two bodies of 
it have lx»en mined. No traces of secondarj' enrichment have been 
observed. Within the area are certain bodies of limonite, which were 
formerly mined, but which are now unimportant. Fluorspar is ttie 
only mineral now mined in (juantity, and the deposits afford, there- 
fore, an instance of what is ordinarily, and was here originally, merely 
a gangue mineral, being the (me which gives value to the ore. 

MINERALS PRESENT. 
OANOUE MINEKALS. 

Fluorite. — ^This district is characterized by the peculiar and remark- 
able abundance of the calcium fluoride, CaFo, corresponding in com- 
position to 51 per cent of calcium and 49 per cent of fluorine (spe- 
cific gravity, 3.01 to 3.25). This mineral occurs in large bodies of 
unusual purity, shipments running 98 to 99 per cent being constantly 
made. Very little running less than 95 per cent finds sale except at 
reduced pvKXK The mineral is crystallized, and in druses and open 
spaces well-developed crystals are not uncommon. On these the 
faces of the cube ai*c best developed, but modifications due to the 
octahedron nuiy be frequently noted. For the most part the fluorite 
occurs in great vertical sheets or veins clearly crystallized, but not 
showing crystal form. The octahedral cleavage is always well devel- 
oped, so much so, in fact, that jig conciMitrates consist largely of 
imperfect tetrahedra and octahedra. Cleavage forms are easily ob- 
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tained, and many very perfect ones adorn local cabinets. In the 
veins a ribbon structure giving the appearance of onyx is occasionally 
seen. This seems to be dependent upon the distribution of coloring 
matter. In general the spar is white, but purple, amethyst, green, 
and golden yellow are also present, in the order of abundance given. 
The cause of the color w^as not investigated. Mr. Tangier Smith, 
from his studies of the Kentucky fluorspar, concluded that the dif- 
ferences in color were determined by the condition of the coloring 
matter, probably hydrocarbons, present. 

The fluorspar is almost universally known by the shortened name of 
spar, and the clear transparent varieties are known as glass spar. No 
fluorine minerals other than fluorspar w^ere found in the region, 
except that in the dike rocks there are unusual quantities of apatite 
and mica, both of which usually contain fluorite. 

Calcite. — ^The most universal accompaniment of the fluorspar is 
calcite or calcium carbonate, CaCOg, corresponding to 56 per cent of 
calcium oxide and 44 per cent of carbon dioxide (specific gravity, 2.71 
to 2.72). 

This mineral in its impure form constitutes the larger part of the 
limestones of the region and also occurs in the shales and some of the 
sandstones. It is the common cementing material where the rocks 
have been brecciated or fractured, and occurs alone forming impor- 
tant veins, as w^ell as with the fluorite. It is commonly not transparent 
and rarely occurs showing crystal form, though the usual scaleno- 
hedra with rhombohedral terminations occur. The mineral is not 
itself valuable. It is locally considered an indication of the presence 
of fluorite and the ore minerals, but occurs so commonly without them 
that it is of small value in this particular. Calcite is frequently 
referred to locally as '' calc." 

Quartz. — In connection with the mineralization of the veins, large 
quantities of silica, SiO.^, have been added to that already present in 
the sandstones and other rocks. This silica has been deposited espe- 
cially between the grains of sand of the original sandstones along the 
veins, firmly cementing the roc^ and giving rise to the quartzite reefs 
already mentioned. In druses in the vein and elsewhere the silica 
has also crystallized, forming small pyramidal crystals, some trans- 
parent and others jet black. 

Barite. — Somewhat widely distributed but in relatively smaller 
quantity than the minerals enumerated above is barite, the barium 
sulphate, BaS04 (specific gravity, 4.3 to 4.6). This occurs as a mas- 
sive, white, crystalline substance intimately intergrown with the 
other minerals. Occasionally on the free surfaces of druses it shows 
crystal form, small tabular crystals clustered so as to form mammil- 
lary aggregations being characteristic. In this it resembles the barite 
occurring in southeastern Missouri. The larger clear crystals^ sudi as 
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occur in southwestern Missouri, were not noted, though possibly pres- 
ent. The mineral is locally known by the common name, heavy spar. 

Dolomite, — The double carbonate of magnesium and calcium, while 
possibly present in occasional small quantities, was nowhere noted, 
though Mr. Fobs has shown the writer the iron-manganase-magne- 
sium-calcium carbonate, ankerite, from one of the Kentucky mines. 
J)olomite is probably pres4Mit, but only in very small quantity, a fact 
of some possible significance as related to the genesis of the ores. 

Kaolin. — The hydrous silicate of alumina (2H20,Al203,2Si02) 
()ccui*s n(»ar the Pittsburg mine in considerable quantity. It does not 
seem to lx» directly related to the ores, and its origin is in doubt. 

ORKJINAL METALLIC MINERAI^. 

Galeud. — The suli)hide of lead, PbS, containing 13.4 per c^nt of 
sulphur and 80.6 per cent of lead (specific gravity, 7.6), is probably 
the most abundant and wide.spread of the original metallic minerals. 
It occurs in the usual cubical crystals, occasionally showing the faces 
of both cube and octahedron. It is intimately associated with other 
sulphides and with gangue minerals. The galena of this district is 
argentiferous, at least to a degree notably beyond that of other de- 
posits in the Mississippi Valley. Whitney « gives an assay showing 
the pn^sence of Oi ounces of silver to the ton in galena from Rosi- 
clare, and Kilers quotes the statement of the owners of the old Min- 
eral (yity proj^erty to the effect that 8 to 14 ounces were commonly 
foinid in the on* yielding 1*2 to '20 ounces in the pig. Whether this 
amount is constant or not is uncertain, and no attempt has been made, 
so far as is known, to save the silv(»r, nor does its presence affect the 
price of the lead. 

The lead ore now obtained comes mainly from the jigs employed to 
clean the fluorite, and its production is incidental to the preparation 
of the latter for the market. liargc* bodies of galena corresponding to 
those formerly mined do not seem to l)e anywhere in sight at present. 

Blende, — The zinc sulphide, ZnS (suli)hur, 1^3 per cent; zinc, 67 per 
cent; specific gravity, 3.9 to 4.1), locally known as " jack," is, next to 
galena, the most abundant of the sulphides. It occui's crystallized 
but rarely with crystal form. The blende present is usually quite 
pure, being a brown *"• rosin jack,'' and ap])arently rather free from 
any admixture of pyrite. While many hand specimens and even 
snudl quantities of ore can l)e found running high in blende, no 
considerable bodies rich enough to warrant independent mining were 
exposed when the area was visited. At the Rosiclare mill middlings 
containing zinc are being accumulated with a view" to possible future 
sale. 



•Whitney, J. D., Oeol. Survey IllInol8, vol. 1, 1806. p. 189. 
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Pyrite. — The iron sulphide, probably in tlie main pyrite, FeSa, is 
as usual widely disseminated. It is, however, distinctly subordinate 
in quantity, and in this particular the district is in contrast with many 
of the mining districts of the West. 

Chalcopyrite, — The copper-iron sulphide, CuFeSo (sulphur, 35 per 
cent; copper, 34.6 per cent; iron, 30.5 per cent; specific gravity, 
4.1 to 4.3), occurs in minute quantities, and small crystals may fre- 
quently be observed by carefully examining the ores. It is not of any 
economic" importance here. 

jSfifmite. — The antimony sulphide, SboS, (sulphur, 28.6 per cent; 
antimony, 71.4 per cent; specific gravity, 4.52 to 4.G2), has been re- 
ported by Mr. Bisland, of the Fairview mine, and Filers mentions its 
presence and also that of a mineral taken to be jamesonite. He speaks 
of these as being in such small quantity as to interpose no difficulties 
in smelting and to be of no value. 

SECONDARY MINERAl^. 

Cerussite. — The lead carbonate is reported to have been found in 
small quantities in the early days of the mining industry. It has 
long since disappeared and probably never was abundant. 

Smithsonite, — Zinc carbonate, ZnCOg (carbon dioxide, 35.2 per 
cent; zinc oxide, 6^^1.8 per cent; specific gravity, 4.30 to 4.45), occurs 
frequently in connection with the alteration of the blende. It is 
a rusty-looking material, not unlike some of the weathered chert in 
appearance, but readily distinguished by its weight. The only body 
of any size noted in the cours(» of the survey was at the Empire mine, 
and the quantity present here, while undetermined, was not impres- 
sive. 

TAmanite. — The hydrous oxide of iron occurs in tlie region in con- 
siderable abundance, and fornu^rl y th(Te were two furnaces- the 
Martha and the Illinois — making iron from it. The ores are low 
grade, as judged by present standards, and, as they l)ear no obvious 
relationship to the minerals under investigation, were not esi>ecially 
studied. Small l)odies of imj)ure iron oxide or ocher are here, as 
usual, widespread. 

Malachite. — The copper carbonate, 2CuC()3,Cu(()H)2, occurs as 
a greenish stain at a number of points, particularly at the so-called 
" copper vein " near Elizabethtown. The quantities observed were 
everywhere inconsiderable. 

Copper. — Small flakes of native copper may be occasionally ob- 
served in the Rosiclare ores. They seem to be due to local reduction 
of the minute quantities of chalcopyrite. 
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PARAGENESIS AND ASSOCIATION. 

No definite order of deposition of the original minerals ca i be made 
out. The various metallic sulphides and gangue minerals seem to 
have crystallized at the same time, and beyond the general fact of the 
replacement of calcite by fluorite there seems to be no system in their 
deposition. All of the sulphides occur completely surrounded by the 
fluorite. There are none of the common evidences of secondarv 
enrichment, and in the veins the oxidation incident to the long period 
of erosion subsequent to the formation of the ore bodies has left few 
traces. Apparently the sulphides, being practically sealed up in fluor- 
ite, are, so long as they remain in the vein, almost entirely unaffected 
by surface waters. Minor exceptions are noted in the descriptions of 
the individual mines. In general the ore bodies are believed to be 
practically unmodified ores of primary deposition, or of first concen- 
traction, as Professor Van Hise defines the term." 

MODE OF OCCURRENCE. 

Form and character of the ore bodies. — The deposits of this district 
form typical fissure veins. The ore bodies are tabular; they occur 
along planes that mark extensive faulting and that cut across the 
strike and dip of the strata. Ore and gangue minerals in considera- 
ble variety are present, and both fissure filling and metasomatic pro- 
cesses have oporat(Ml in their formation. The ore bodies are unusual 
in respect to thickness — frequently 10 to 12 feet, and occasionally 25 
feet or more — and in the great purity and abundance of the fluorite. 

The development work at Rosiclarc gives some idea of the size of 
at least one of the ore bodies. Mining lias l)een carried on for prac- 
tically the whole distance*, of three-fourths of a mile along the vein. 
For the gi^eater portion of this length the stopes have been 10 to 20 
feet wide in very clean ore. In the Fairview shaft, at one end, levels 
at a depth of 200 feet show the presence of a vein of undiminished 
strength and an ore body of the full normal thickness. At the other 
end the Rosiclare shaft shows the sjime thing to a depth of 300 feet. 
Beyond these shafts very little work has been done, but even if the 
vein or ore shoot — the two terms here seem almost synonymous — 
goes no farther laterally, a. very large body of spar is shown. 

This is the largest body of fluorspar yet developed in the two 
counties, but it is also the only plac^ at which any considerable sink- 
ing and drifting have been done. As the mine descriptions show, 
there are a number of other points at which present indications point 
to large ore bodies. 

•Van Hisc, C. U., Some principles controlling the disposltioD of orea: Trans. Am. Inst. 
Min. Eng., vol. 30, 1901, p. 173. 
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In general the great width of the vein is probably due to the facil- 
ity with which the less soluble calcium fluorite is formed in the place 
of calcium carbonate whenever fluorine is available. This has 
resulted in extensive replacement of the limestone wall through 
metasomatic processes, as was long since pointed out by Emmons." 
The detailed microscopic evidence of this is given in connection with 
the description of the Lead Hill mine. This process is not believed, 
however, to have operated to the exclusion of normal vein filling in 
open cavities, since, for example, in the McClellan mine, later 
described, there is a considerable body of clear fluorspar where both 
walls are sandstone and where, accordingly, there is little opportunity 
for simple replacement. The occasional banding of the ore, while 
not conclusive evidence, and often, indeed, the reverse, points, never- 
theless, to the same conclusion. The cooperation of the two processes 
of open fissure filling and metasomatism is, as Mr. Lindgren has 
shown,^ normal and quite in accord with what should be expected. 

In connection with the veins, the wall rock, where composed of 
sandstone, is commonly converted to a quartzite. As this is a local 
phenomenon, the quartzite occurring only along the veins, it points 
apparently to the introduction of considerable amounts of silica at 
the time the ore bodies were found — a conclusion apparently con- 
firmed by the presence of crystals of quartz intimately intergrown 
with the ore minerals. 

Ore shoots. — So far as is known, the ore does not occur in regular 
ore shoots. In view, however, of the small amount of development 
work and the smaller amount of mining so far done, this appearance 
may l)e deceptive. The Fairview-Rosiclare ore body, if it be 
regarded as a single ore shoot, is certainly one of unusual size. 

Structural relations. — The veins are developed, as already indi- 
cated, along fault planes, but these are neither necessarily nor fre- 
quently planes of major faulting. The Hamp mine, which shows 
an excellent body of ore, is in a vein where there has been very little 
faulting. At the Empire mine, while there has been considerable 
faulting in the vicinity, the ore body is found along a plane which 
seemingly marks very little displacement. This is, however, a com- 
mon phenomenon. For some reason not well understood, the large 
faults do not form the locus of ore bodies any more commonly than 
smaller faults in their vicinity. 

The ore bodies so far developed are usually found where one wall is 
a sandstone and the other a limestone, generally the Ste. Genevieve. 
The Fairview and Rosiclare may be cited as examples. They also 
occur where both walls are limestones, as at the Hamp and Empire, 

' Loc. cit,. p. 61. 

* Lindgren, Waldemar, Metasomatic processes In fissure Teins : Trans. Am. Inst. MIn. 
Bag., Tol. 30, 1901, pp. 578-602. 
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and whore both are sandstones, as at the McCIellan and probably the 
Daisy. Sincre the faulting is deep enough to cut a considerable suc- 
cession of sandstones and limestones, it is obvious that if the ores con- 
tinue to any depth the relations at the surface may change, even to the 
point of reversal. In such a i-egion as this it is also true that the fault 
planes which bring limestone into contact with sandstone are most 
easily recognized, and hence are the ones first prospected. Under the 
circumstances the seeming close relation of the ores with the Ste. 
Genevieve limestone may 1k» deceptive, tliough in the absence of deep 
mining judgment on the point must be suspended. 

/i\'lf/t!ons to topcxjraphy (uul nndenjroujid water letJel, — ^The ore 
bodies do not seem to l)ear any close rehition to topography. They 
are found on the upland, as at the Empire; in hillsides, as at the Lead 
Hill mine, and under bottom land, as at the Rosiclare. In general 
they lire on the slope, since there is very little level ground in the dis- 
trict. There is not,' however, that close relation to topography which, 
for example, is characteristic of the ore bodies of the Lake Superior 
iron rangers." 

The I'elations to undergi'ound water level appear to be equally 
fortuitous. In general, the mines are relatively dry and the small 
amount of water handled seems to be entirely of local origin. At 
the Rosiclare mine it is clearly oxidizing and varies with local rain- 
fall. As this is the deepest mine, it would pre^sumably have tapped 
an}^ deep waters which might occur in the veins, and yet the total 
amount of water pumi)ed under ordinary conditions is very small, 
b(»ing estimated at 75 gallons per minute. In general, the mines, 
where of any d(»pth at all, are below the local level of underground 
water. 

Alteratioti of orea, — The ores are very little altered. Beyond the 
occasi(mal (>(»currence of small bodies of zinc carbonate near the sur- 
face, there ixn* none of the usual signs of decay and alteration com- 
mon to sulphide ores. Even where oxidati(m has lK*en carried to some 
depth, as at the IIul)bard and C^)ok mines, it has not much affected 
the vein matter, but has proc(»eded rather along cross fractures or 
through the country roi^k. In the long period of erosion in which 
the upper portion of thes(» veins was cut off, very little material was 
carried down into the vein. That which was eroded seems to have 
been mechanically broken off or to have l^een dissolved and carried 
away without local reconccuitration. In the pi^esence of the more 
easily soluble limestone, surface waters do not attack with any vigor 
the fluorite or the minerals confined within it, and so the vein mate- 
rial as now exposed is practically unaltered. The bodies of zinc car- 
bonate occasionally found mark local and exci^ptional reconcentrations. 

•Van Hise, C. R., TwentyHrst Ann. llopt. I^. S. Ocol. Survoy. pt. 3, 1901, pp. 329-330. 
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Age, — ^The ores were formed after the period of deformation, 
which, as has already been shown, was late in the Carboniferous or 
after the close of that period. They originated before the Lafayette 
peneplain was cut, and they do not seem to be forming now. They 
may be as old as the Permian or as young as middle Tertiary, but it 
is impossible to fix their age more definitely on the basis of local 
evidence. 

Genesis and value, — These topics will be discussed in detail after 
the description of the individual mines. 

DESCRIPTION OF MINES AND PROSPECTS. 

ROSICLARE AREA. 

Resume of geology, — The formations exposed near Rosiclare have 
already been discussed, but a brief resume with certain additional 
details will help in understanding the mine descriptions. 

The southeastern portion of the area (PI. II), extending from 
Elizabethtown to Orr's landing and back to the crossing of Big 
Creek by the Golconda road, is underlain by the St. I^ouis limestone. 
This formation is brought into faulting contact with the Chester 
formations, though probably in part at least the l)oundary IxUween 
it and the Ste. Genevieve is a normal erosion bouhdary. So far as 
known no ore bodies have been found in the St. Louis of this vicinity. 
Small amounts of fluorspar occur in cavities in the rock, and there are 
several well-developed veins of calcite, the more prominent ones being 
represented on the map. 

The central portion of the area is underlain by a broad belt of 
Chester formations trending northeast and southwest. These are in 
part in faulting contact with each other. Only the Ste. Genevieve 
limestone is mapped separately. The Ixjds have a very gentle dip to 
the northwest, the highest beds noted U^ng in sections 30 and 31. 

The Mansfield sandstone occupies the northwestern corner of the 
area, and the irregular l)Oundary, the pres<^nce of outliers, and the 
absence of faulting phenomena indicate tliat it rests upon the Chester 
with a normal erosion contact. 

Igneous rocks outcrop at three points along the Ohio, cutting the 
St. Louis and Ste. Genevieve limestones. There are two other doubt- 
ful occurrences known. 

The veins occur along fault planes having in most cases a northeast- 
southwest trend and falling within a single vein system crossing the 
area from section 8 to section 21. The area has up to the present 
proved the most productive in the wliole district, but this may have 
been due as much to the nearness of the mines to the river as to the 
size of the ore bodies. 
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Fairview mine. — The first discovery of fluorspar in place and the 
first attempt to mine it seem to have been made upon the property 
now owned by the Fair\4ew Fluorspar Company. There are several 
veins on the property, and ore is reported to have been discovered 
in 1842. No attempt seems to have been made to operate until 1862, 
when the Good Hope shaft was started. From that year until 1874 
the work was practically continuous, the ore being smelted as well 
as mined on the proi^erty. Three successive smelters were built ; two 
were dastroved bv fire, and the third was torn down about fifteen 
years ago. The dumps of fluorspar which accumulated during these 
years when the lead alone was of value were worked up and sold in 
the years 1889 and 1890. From 1891 to 1895 the property was oper- 
ated under lease by the owners of the Rosiclare mine, and a large 
tonnage of spar was disposed of. The Good Hope vein is now being 
reopened, and in the course of the present survey a number of the 
old stopes on this vein were visited. Since the . reopening of the 
mine had only begun at the time it was visited, the following notes 
are based to some extent upon the published descriptions of J. G. 
Norwood*" and S. F. Emmons^ and an unpublished report on the 
property made in 1884 by Messrs. Anton, Filers and R. W. Raymond 
and courteously placed at the disposal of the Survey by the present 
manager, Mr. T. P. Bisland. 

The Good Hope vein occurs along a fault trending N. 21° E. 
and dipping 79° 30' NW. The hanging wall is composed at the 
surface of a coarse sandstone showing no pebbles and believed to 
belong to the Chester. The foot wall at the main shaft is the Tribune 
limestone, as determined by Mr. Ulrich. A short distance to the 
southwest a shaft near the siiwmill shows the foot wall to consist of 
a sandy shale similar to that occurring normally some distance above 
the Tribune limestone. This would point to a cross fault between 
the two shafts with a downthrow to the south. The downthrow^ of 
the main fault is to the west. The amount of the displacement is un- 
known, but is certainly 100 feet and probably much more. The 
walls imderground are marked by vertical striations near the main 
shaft and in the north drifts. In the south drifts the striations are 
at angles to the northeast. The hanging w^all is sandstone or very 
sandy shale to a depth of 150 fe«t at least. The foot^wall shows 
limestone at the surface and again at 210 feet, but a considerable 
portion of the wall between is unbroken, and sandy material occurs 
at a depth of 30 feet. 

The underground workings show a clean, hard hanging wall. The 
foot wall is usually less well defined and is broken by a series of 



« Geo\. Survey Ulinols, vol. 1. 1800, pp. 300-372. 
'Trans. Am. Inst. Min. Bng., vol. 21, 1803, pp. Sl-53. 
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splits running off from the main vein. These have a course about 
N. 39° E. The old working extends to a depth of 213 feet, and drifts 
have been run in both directions at depths of 30, 60, 135, 160, and 210 
feet. At present such of these stopes as can be entered show consider- 
able bodies of clear fluorspar, mainly white, but with subordinate 
amounts of purple. In the fluorspar are small bunches of galena and 
blende. Minor amounts of pyrite and chalcopyrite occur and stibnite 
and jamesonite are reported. While the sulphides occasionally 
occupy distinct veinlets or occur in definite bands, they are more com- 
monly completely intergrown with the spar. Calcite is also exten- 
sively developed, especially in the foot wall. No distinct crustifica- 
tion indicating a definite order of deposition of the various minerals 
can be made out, and there are no satisfactory evidences of differences 
in the character of the ore body at different levels. Certain of the 
old stopes showed chambers of considerable size, 15 to 16 feet wide, 
20 to 25 feet high, and 40 feet or more long, with roof and face of 
fluorspar. In view of the fact that the property was formerly 
worked for galena alone, these chambers corroborate the statements 
made by Norwood and others as to the large size of the bodies of 
lead ore formerlv found. Mr. Eilers estimated that at the time of his 
visit there was in one stope a body of ore 20 fc»et wide, 20 feet high, 
and 50 to 60 feet long, which would run 10 to 15 per cent galena. At 
the same time another stope 138 feet long was yielding ore which the 
ownei-s stated ran 13 per cent of dressed galena. At present there are 
no considerable bodies of galena in sight, as all available ore of that 
kind had evidently been removed before mining stopped. It has 
been estimated, however, that there are re^serves of 25,000 tons of 
fluorspar in the ground now open. 

From the main shaft the vein has been opened a distance of 
approximately 150 feet in each direction. To the northeast, how- 
ever, the vein has been mined through a number of other shafts 
up to the l>oundary line of the property, and practically continuous 
stoping has been done from the Fairview to the Rosiclare shaft. 
While the ore body is thus continuous from one mine to the other, 
the recent work indicates that the two mines are on separate fault 
planes. If the Rosiclare vein be projected to the southwest on an 
accurate basiP it passes through one, at least, of the shafts which 
mark the Anderson Well vein, the first to be discovered. The course 
of the latter as generally given in N. 3° E., while the Rosiclare vein 
runs N. 18° E. (true). Since, however, the Anderson Well vein 
was never worked, not much importance is to be attached to the 
earlv determination of its course. 

Rosiclare mine. — ^The Rosiclare mine has probably the longest 
record of nearly continuous production in the district. It is also the 
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deepest, the shaft now bein^ down tlOO feet, and for many years it 
was the only important prochicer of fluorspar. It is located about 
a half mile hack from the Ohio and slightly farther from the F^air- 
view mine. As alrea<ly stated, it is Ix^lieved to be on a different vein, 
though the ore l>ody continues from one mine to the other. 

The hanging wall consists of the same siindstone as at the Fair- 
view. Samples taken from below the surface show that it has been 
altered to a hard quart zite by the deposition of silica between the 
sand grains. The foot w-all at the bottom of the shaft isi a fine- 
grained '' plucky " limestone, which Mr. Ulrich considers to lie 
probably St. Ijouis. At the surface the foot wall is not exposed, 
but from general relations it is presumed to be Ste. Genevieve. At 
a shaft across the road and to the northeast of the main working 
shaft, the dump shows fragments of limestone of possibly Tribune 
or Birdsville age, but it is impossible to determine the relations. 
Still farther to the northeast sandstone covers the whole surface. 

The shaft is i^OO feet deep, and development has been carried both 
to the northeast and to the southwest with underhand stoping. The 
vein is vertical and the walls where uncovered are well defined. The 
hanging wall is extensively exposed and shows numerous striations, 
which are horizontal. The foot wall is usually covered by a thick 
body of calcite. 

The vein stuff consists essentially of fluorspar and calcite, with 
minor amounts of lead and zinc sulphide and occasional specimens of 
pyrite and chalcopyrite. Near the hanging wall there is ordinarily a 
band 1 to 2 inches thick of the sulphides, but they also occur through- 
out the fluorspar and intimately mixed w^ith it. On one specimen of 
the l)len<le a greenish -yellow material suggestive of grwnockite (cad- 
mium sulphide) was obsc»rved, and a small flake of native copper was 
also seen. The sulphides occur intimately intergrown and ahso inter- 
grown with the gangue minerals. Along water channels the blende 
is occasionally altered to zinc carbonate, and in druses crystals of 
quartz occur frequently. No special order of deposition of the sul- 
j)hides can be made out, and no differences in character with depth are 
apparent, either in them or in the fluorspar. The fluorspar occurs in 
great thickness and makes up the greater portion of the vein. This 
is usually 10 to 12 feet wide, but stopes 2G feet wide are now open. 
The whole face of such a stope is made up of practically dear fluor- 
spar, with some intergrown calcite, particularlj' toward the foot wall. 
Ordinarily the ('alcite occurs for the most part back of a facing or 
fault plane, showing striations and s(»parating the cleaner fluorspar 
from the mixed s])ar and calcite. A thickness of 14 feet of the lat- 
ter betwei^n this facing and the true limestone foot wall has been 
observed. 
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The vein shows numerous slips and minor fault planes between the 
main walls. These seem to represent post-min(»ral fracturing, though 
the main facing mentioned alK)ve would more probably rej)resent an 
original f(X)t wall, back of which fluorspar and calcite have metaso- 
matically replaced the limestone. Within the vein the fluoi-spar 
shows in great clear banded surfaces resembling onyx. If these rep- 
resent replacement of the limestone instead of cavity filling, the mate- 
rial has so completely recrystallized as to destroy all evidence of the 
l)edding. Running through the ore l)ody are druses and channels 
lined with crystals of fluorspar, calcite, and quartz. These are water 
channels and seemingly carry surface oxidizing waters, as is shown by 
their action on the zinc and iron sulphides. The whole of the work- 
ings are below water level, and approximately 75 gallons per minute 
are pumped in ordinary seasons. In wet weather this amount is 
materially increased. 

Blue vein. — Northwest of the Rosiclare mine and on the property 
of the Fairview Fluorspar Company is the Blue vein, one of the 
first known in the district. Norw^ood descril)es it as to 11 feet wide, 
with a sharp dip to the east and a course* N. 29*^ E. He also men- 
•tions a cross vein, about 100 yards to the west, with a course N. 35° E. 
and a thickness of 3 feet. Neither of these veins has been worke<l 
for some time, and at present the dump shows (mly fragments of 
sandstone, shale, fluorspar, calcite, galena, and blende. The vein 
took its name from the quantities of blue fluorspar found in it. 

Daisy imn, — A shaft on this vein was open at the time of Mr. Em- 
mons's visit to the region, and he speaks of it as Ix^ing 40 feet deep. 
The vein is said to have been very productive, but the workings have 
been abandoned for some years. At present fluorite may l)e seen on 
the dump and in small bunches attached to the quartzite foot wall. 
The vein has an apparent course*. N. 38° E. and a dip to tlie north- 
west of 69°. The hanging wall is apparently composed of shale, and 
there are no fragments of limestone on the dump. Thes(» relations 
suggest that the Daisy vein marks the position of the fault supposed 
to cut off the Cypress sandstone from the Birdsville formation, and 
to account for the absence of the Tribune limestone over most of the 
area. 

A short distance northwest of the Daisy vein a fault is indiwited 
on the special map as marking the boundary, between the Ste. Gene- 
vieve limestone and the sandstone. There is no direct evidence of 
faulting here, but the abrupt termination of the sandstone along a 
sharp line is very suggestive of it. 

Clenwnt /'ein.— This vein occuin along the contact of the Ste. Gene- 
vieve limestone to the east and the higher Chester beds to the west. 
There seems, however, to be but slight faulting. The vein has a 
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general course N. 45° E. Near the fault and on the hanging-walj 
side the sandstone is tilted to an angle of 44°. The old Eureka 
workings, which were open at the time Mr. Emmons visited the area, 
were on this vein. A large amount of spar was shipped from them 
and the vein was proved to a depth of 80 feet. 

At present the Marion Mineral Company is sinking a shaft far- 
ther to the northeast. The vein stuff consists of brecciated limestone 
with purple and white fluorspar crystallized with calcite. In druses 
the spar, calcite, and some small quartz crystals are crystallized 
together. 

In the vicinity there are several faults and a number of small pros- 
pects. These are i-epresented on the map. One of the most interest- 
ing of the faults is east of Big Creek and is locally known as the 
'' Cop|>er vein." It has a course N. 37° W., and shows limestone on 
both walls. At the surface is a reef of liighly silicified limestone 
projecting above the ground. The vein is about 6 feet wide and 
consists of a breccia of limestone cemented by calcite and with some 
crj'stals of quartz. Stains of malachite occur, but no other metallic 
mineral was observed. The surface outcrop shows cavities left by 
the leiiching out of some flat, tabular crystals, possibly barite. The 
vein is of interest because of the unusual character of its contents 
and its course, nearly at right angles to the others discussed. It has 
not, so far, proved of any value and seems to belong with the barren 
calcite veins near by. 

HICKS AREA. 

Resume of geology. — The Hicks area includes the greater part of 
a small structural dome in which beds fi'om the Devonian black shale 
to the Mansfield conglomerate are exposed. The mines are confined 
exclusively to the area of outcrop of the Chester formations, and to a 
very notable degree the ore is developed in or near the Ste. Gtenevieve 
limestone (PI. III). 

Empire mine. — The Empire is perhaps the best known of the mines 
l>ack from the Ohio River. It has been worked at different times for 
a number of years and has made several shipments. In the vicinity 
there are a number of faults which for the most part seem to be of 
small throw. The more important ones only are represented on 
the accompanying map. The Empire vein follows a fault with a 
course N. 48° E. and a dip 73° SE. At the shaft limestone is found 
on both sides of the vein, and the amount of faulting does not seem 
large. The fault is normal, with downthrow to the east This is 
indicated by the upturning of the shale partings in the beds of the 
hanging wall and by the general relations of the rocks. In the 
field north of the mine the Rosiclare and Ohara members of the Ste. 
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Genevieve limestone may be identified, and near the shaft sandstone, 
presumably Cypress, rests on the limestone with a normal erosion 
boundary. In some open cuts, and in the bed of the stream cross- 
ing the vein northeast of the shaft, limestone may be seen on both 
sides of the fault, and while the identification of the hanging wall 
is not positive the rock is apparently the Ste. Genevieve. Still 
farther to the northeast shaly and cherty beds take their place. Mr. 
Ulrich identifies them as probably Birdsville, and this would require 
a small block of higher strata faulted down to the general level. 
This block is indicated on the map, but with no pretensions to accu- 
racy of outline. 

From the shaft the Empire vein has not been traced far to the 
srouthwest, the presence of sandstone on both sides making surface 
identification somewhat uncertain. Fluorspar is, however, reported 
from its probable extension in section 34. From the shaft south the 
sandstone seems to be cut off to the east by a second fault extending 
from the Empire to the Hubbard shaft, and at a number of points 
along this line fluorspar has been found. 

The workings of the Crystal Fluorspar Mining Company con- 
sist of a large open cut and a shaft sunk on the vein, which was 127 
feet deep when visited, and has since been continued to a depth of 
160 feet. In the open cut a wall of solid white fluorspar was at one 
point exposed, dipping to the east parallel to the hanging wall of the 
vein. Against it and in the V-shaped angle between it and a perpen- 
dicular plane to the surface was a body of zinc carbonate. This is 
said to run 38 to 40 per cent of metallic zinc, and has the appearance 
of being of fair grade. The amount exposed was not large, and the 
total amount present is wholly unknown. It is associated with re- 
sidual clay, and seems to represent surface concentration against the 
hanging wall of the vein. 

In the shaft a vein usually from 6 to 10 feet wide and with well- 
developed walls is shown. The vein matter consists of brecciated 
lim^tone cemented by fluorspar and calcite intimately intergrown. 
In this matrix galena, blende, pyrite, and chalcopyrite occur, the two 
first named being frequently in considerable abundance. The sul- 
phides, particularly the blende, show a tendency to replace the frag- 
ments of limestone and also to some extent the wall rock. Occa- 
sionally they are segregated in a distinct band, which in one place is 
as much as 4 inches thick and occurs along the hanging wall. It is 
rather noticeable that the sulphides are for the most part very fine 
grained and are intimately associated with the wall rock and the 
gangue. The dark shaly material found in the hanging wall is 
rather widely distributed through the breccia. 
BnU. 255— 05 m i 
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The fluorspar occurs largely interbanded with calcite, but a band 
of clear spar from 1 to 4 feet wide is found almost continuously from 
the top to the bottom of the shaft, either on foot wall or hanging wall. 
A total thickness of 6^ feet is reported from one point in the shaft 
The workings are now some distance below water level. There are no 
marked differences in the character of the ore at different levels 
except the presence of the zinc carbonate in the open cut, and there 
are no evidences of secondary enrichment or redistribution of the ores. 
As no drifts have been run and no stopes opened, it is impossible to 
' make any estimate of the amount of ore opened. A considerable 
amount of the fluorspar seen could be shipped as mined, but to save 
the zinc and lead and the remaining portion would require careful 
milling, with rather fine crushing and concentration. 

In the field north of the mine, as well as the fields to the south, 
fluorspar occurs in the soil at a number of points, but the develop- 
ment work is not suflSciently advanced to show the character and 
relations of the veins. In the SW. J NE. J sec. 34 the hillside is 
literally covered with clear glassy spar in a great variety of beautiful 
colors. A niunber of shallow pits here show its wide distribution. 

Hubbard shaft. — In section 34, southwest of the Empire, is the 
shaft being put down by Mr. II. B. Pierce and his associates of the 
Grand Pierre Mining Company. This shaft is about 60 feet deep 
and in limestone, apparently the Ste. Genevieve. This was encoun- 
tered at a depth of 12 feet. In an open cut near by are sandy beds 
l)elonging to the higher formations. The shaft seems to be on an 
intersection of two or more crevices, the main one, as shown in the 
open cut, having a course N. 45° E. The crevice is vertical and the 
amount of faulting doe.s not seem to be great. In the shaft the vein 
was obscured by the presence of red surface clay, but brecciated lime- 
stone with a matrix of calcite and fluorspar was made out. A short 
distance to the northeast, near the creek, is a reef of brecciated quartz- 
ite with some fluorsj>ar in the cementing material. In a trench cut 
across the reef the beds are seen to dip to the southeast At a number 
of points over the low ground adjacent large quantities of " glassy " 
spar have been dug from shallow depths. The spar is variously 
colored and is so widely distributed as to indicate the presence of a 
few cross fractures. 

Bi(/ Joe mine. — In section 27, northwest of the Empire mine, spar 
has been found at a number of points. At the Big Joe the surface 
formation is sandstone, probably belonging to the Birdsville forma- 
tion. The vein has a course N. 15° E. and has been developed to a 
depth of 60 feet. There are apparently two veins, with a block of 
quartzitic sandstone between. At a depth of 20 feet the quartzite 
gives place to black sandy shale, which occupies the space between 
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two veins of fluorspar, each 8 to 12 inches thick. Apparently the 
shale has been thrust upw&rd, or rather both the foot wall and hang- 
ing wall of the vein as a whole have moved downward, leaving the 
shale as a wedge between the two walls. There are small veins of 
galena one-fourth inch thick which come down to the shale and are 
there cut off abruptly. It is reported that 200 pounds of lead were 
shipped from a surface pocket at this shaft. A small amount of 
blende and occasional pieces of pyrite have been found' in the vein. 
It is said that the last work done on this property showed fluor- 
spar, calcite, and galena distributed pretty well over the bottom of 
the shaft 

The same vein, presumably, has been opened on the ground south 
of the Big Joe and has yielded several hundred pounds of lead ore. 
There are there, as at the Big Joe, parallel crevices, and fluorspar, 
calcite, galena, and blende occur, intimately intermingled in crevices 
in the quartzitic sandstone. 

Two small prospects have also been opened near Mr. Jesse Crab's 
house, not far from the Big Joe. They show the usual association of 
ores, a small vertical vein about 2 feet thick crossing the quartzite. 

In the northeast quarter of the same section a vein 2 feet or more 
in width of deep-purple spar shows in the bed of a small creek. The 
vein has a course N. 58° E. and lies between the St. Louis and Ste. 
Genevieve limestones. No work has been done on this vein, but the 
spar has the appearance of being very clean. 

Hutchinson mine. — In SE. \ SW. J sec. 22 Mr. James Hutchinson 
has an open pit, in which are a series of parallel crevices running 
through the sandstone with a course about the same as at the Big Joe. 
The crevices are vertical and narrow. White, purple, and green fluor- 
spar occur, with a minor amount of galena. 

Rainetj mine. — In SW. \ SE. \ of the same section (22) is an open 
pit located on the contact between the Ste. Genevieve and the Birds- 
ville formations. Limestone shows on both sides of the pit, but in 
the hill above to the west is blue shale, and a short distance beyond 
sandstone occurs. There seems to be some slight faulting here, with 
downthrow to the north. The course of the vein is N. 25° E. The 
vein is 12 to 18 inchas wide and shows fluorspar, galena, and blende. 
Minor amounts of zinc carbonate have been formed by the alteration 
of the blende. 

Baldttnn mine. — This is located in SW. J SW. \ sec. 23, and con- 
sists of an open cut about 10 feet deep. It exposes a vertical vein 
about 6 inches wide cutting the Ste. Genevieve limestone and having 
a course about N. 40° E. The limestone is slightly brecciated, but 
the bulk of the vein stuff consists of purple fluorspar and white cal- 
cite, with minor amounts of galena and blende. 
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Ilicks Tnine. — This is in the same section as the Baldwin and is 
supposed to be on a continuation of that vein. When visited it was 
a prospect only, the fluorspar having been located by means of a 
post-hole digger. A body of clear spar somewhat over 2 feet thick 
was indicated. 

In another portion of the SE. J NW. J sec. 23 two small open 
cuts show the presence of a 3-inch vein of purple spar, with consider- 
able calcite, cutting across the Ste. Genevieve limestone with a course 
N. 20° E. Slickensides indicate some faulting, and the downthrow 
is apparently to the west. 

Hamp mine. — On the northeast flank of the Hicks dome is a second 
group of prospects, of which the Hamp mine is the most important 
yet developed. This mine is on a well-developed fissure cutting the 
Ste. Genevieve limestone with a course N. 60° E. There seems to 
have been very little displacement, since the Bosiclare sandstone 
member of the formation occurs at nearly the same elevation on both 
sides. The vein dips SE. 68° and crosses the beds on both dip and 
strike, the dip of the strata being 10° NW. The vein consists of verj' 
clean " ribbon " fluorspar, mainly white in color, but with some 
purple near the surface. There is very little calcite developed with 
it. Some galena is found and very subordinate amoimts of blende. 
The property is being developed by two shafts, the deeper being at 
last accounts 61 feet down, and showing at the bottom 6 feet of clear 
white fluorspar. 

East of the Hamp mine there are a number of small prospects 
showing spar, as indicated on the map. None of these have been 
developed enough to make clear the relations of the ore bodies. 
Northwest of the area also (sec. 11, T. 11 S., R. 7 E.), oh the Wright 
land, some prospecting has been done in an area of complexly 
faulted and slightly folded rocks. 

SCATTERED MINES IN HARDIN CX)UNTY. 

General statement. — At a number of points throughout the county 
and outside of the areas specially mapped there are occurrences of 
spar and lead, and at a few places some mining has been carried on. 
As many of these places as possible were visited in 1903, and brief 
notes on a number of them are given below. The largest number 
of these mines is near Eichorn, which is located in sec. 11, T. 12 S., 
R. 7 E. The Pell, Stewart, Cook, Oxford and Watson, Parkenson, 
and Gordon are in this vicinity, the two last named being in Pope 
County. At Lead Hill, north of Cave in Rock, mining has also been 
carried on at a number of points. In the country back of Lead Hill, 
extending to Rock Creek, are a numl>er of prospects, including the 
Showalter, Patton, and a second Eureka. This enumeration does 
not exhaust the list, but includes most of those personally visited. 



BAIN.] MINES AND PB08PECT8. 58 

Pell mine. — ^This property is located in sec. 24, T. 12 S., R. 7 E., 
on Threemile Cr^k, near St. Joseph Church. There is a well- 
equipped hoisting plant and concentrating mill, not now in operation 
and said to have been run but a short time. The shaft is reported 
to be 95 feet deep and sunk on the vein, which apparently dips to 
the east. The course of the vein seems to be about N. 20° to 30*^ E. 
The dump pile consists mainly of limestone, with some sandstone. 
The vein stuff evidently includes brecciated limestone, with calcite, 
fluorite, galena, and blende acting as the cementing material. The 
sulphides occur also in cracks in the limestone, and to some extent 
disseminated in and replacing the rock. The stock pile shows some 
fluorite of good grade, and a small amount of zinc carbonate with 
occasional stains of malachite. The ore bins show a fairly clean 
grade of rosin blende and some well-cleaned galena. Financial diffi- 
culties and dissensions in the management are given as reasons for 
the property being idle. 

Stewart mine. — This property, operated by the American Mines 
Company, is located northwest of the Pell, in section 1.4. Several 
small shafts have been sunk on a nearly vertical vein running N. 20^ 
E. between Cypress sandstone on the east and Ste. Genevieve lime- 
stone on the west. This vein has been traced for about a half mile 
along its course, and where seen showed from 2 to 3 feet of purple 
and white spar with small amounts of barite and some small black 
quartz crystals. 

Oxford and Watson mine. — ^This property is near the Stewart, in 
SW. 1 NE. i and NW. i SE. i sec. 13. A small prospect shaft has 
been sunk in the limestone, probably Ste. Genevieve, and near the 
sandstone. It has developed the presence of a breccia of which the 
fragments are limestone and the cementing material is mainly 
calcite. A few crystals of blende and galena were observed, but no 
considerable body of ore has lK>en found. 

Cook mirie. — This is a small prospect shaft 70 feet deep about a 
half mile northeast of the Oxford and Watson. It is on th^ contact 
Iwtween the sandstone and limestone and shows considerable calcite 
and some fluorite in the north side of the shaft. At 50 feet the east 
side of the shaft was entirely occupied by red clay. 

Parkenson mine. — This property is a couple of miles southwest of 
the Stewart and just across the line in Pope County (NE. \ sec. 27, 
T. 12 S., R. 7 E.). The country rock here is sandstone, presumably 
belonging to the Cypress formation, and while there has evidently 
been some faulting, it has not been enough to bring the limestone 
to the surface. The property was not in operation when visited, 
but the d4imp showed the presence in small quantity of fluorite, 
blende, and barite. The course of the vein seemed to be N. 30° E. 
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Gordon minr, — On the same quarter section and possibly on the 
same vein as the Parkenson is the Gordon shaft, also not being worked 
when visited. Here, again, the sandstone shows some brecciation, 
and fluorite, calcite, barite, blende, and galena occur. The barite and 
blende seem to be esi^ecially abundant and are apparently of good 
grade. 

Leiid IlilL — About 3 miles from the river, at Cave in Rock, there 
is an abrupt rise of 80 feet and a mural escarpment fronts the irreg- 
ular plain deveh)ped o\'er the area of St. Louis limestone. At the 
foot of this esc»arpment and parallel to it is a fault which may be 
traced somewhat south of east for nearly Ji mile^s. Along this escarp- 
ment, particuhirly in s(»ctions 3 and 4, T. 12 S., R. 9 E., mining has 
been carried on for a numl^er of years, and formerly enough lead was 
taken out to give its name to the locality. 

In 1903 tlie Clevehmd- Illinois Fluorspar Company was operating 
a mine alwut on the line l)etwoen sections 'J and 3. The company was 
working a Iwdded or she<*t deposit in the Fredonia member of the 
Ste. Genevieve limestone and just under the Rosiclare sandstone. 
A numlK^r of short drifts were run into the hill, and the workings 
were conducted on a modified rcK^m-and-pillar system. The ore 
Ixxly varies in thickness from 18 inches to feet, thinning as the 
workings extend into the hill. The vein stuff consists to a minor 
extent of brecciated limestone, but for the most part of interbanded 
limestone and fluorite with minor amounts of calcite and galena. 
At the top of the ore there is a band of green sandy shale a few inches 
thick, and the fluorite extends into this between the laminae. Brec- 
cia is only locally developed, and banded limestone and fluorite. 
such as is illustraU»d in PI. V, is more common. In this specimen 
the individual bands of purple and white fluorite are one-half to 
three-fourths of an inch thick, and are separated by layers of equal 
thickness made up of very impure limestone ccmtaining notable quan- 
tities of silica and iron oxide. This banding represents horizontal 
l)e(lding, and the fluorite has evidently l>een introduced along the 
stratification planes, uniting with the calcium of the limestone and 
excluding the impurities. These were partly, no doubt, carried off, 
but also in part remain trapped between the growing crystals of 
fluorite and in the bands of unreplaced limestone. 

These relations are perhaps niadi* clearer by the photomicrographs 
of PI. VI. In ^1 is shown, in natural light, a portion of one of the 
fluorspar bands. Traces of bedding may l)e observed, and the iron 
oxides and other impurities are so ai-ranged as to mark the outlines of 
gi-anular material, presunuihly the original calcite. 

In B the same section is shown between crossed nicols. The fluor- 
ite appeai-s entirely black, while the small points of light indicate 
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PLATE VI. 

PHOTOMICROGRAPHS OF FliUORSPAR BANDS IN ORE BODY AT LEAD HIIX. 

A. — Natural liglit. Rhowin^ ffranular outline of original calcite particles. 

B. — Polarizoil liplit. sliowinji; (loinploto i)enetration of orit^rinal calcite (white) 

by flu<)riiu» now forming: fluorspar (black). 
C. — Natural li^lit, sl^owiug iireservatlon of original bedding plane in clear 

fluorspar. 
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the presence of minute grains and crystals of calcite and quartz. The 
bedding may still be made out, but the outlines of the calcite crystals 
are completely obscured. The very intimate association of the calcite 
and fluorite are notable and indicate the entire penetration of the rock 
by the fluorine. The calcite of the large crystal in the lower portion 
of the field has been partly replaced by fluorite, the bounding planes 
l^eing evidently determined by the cleavage planes of the calcite. The 
calcite is under strain, as is indicated by the undulatory extinction 

In r a view is shown, in natural light, of the central portion of 
one of the bands of fluorite. Running through this band is an irregu- 
lar plane, which might readily be mistaken for such a surface as is 
produced by the interlocking of crystals making up the comb struc- 
ture of ordinary banded ore deposits. In this case, however, the 
irregularities of the line bear no relation to the optical orientation of 
the crystals, and the line is furthermore of the exact character com- 
mon in sedimentary beds between individual layers, particularly 
where the beds have been under slight pressure, so as to produce 
stvlolites. 

The above evidence warrants the conclusion that in this ore body 
the fluorine has been introduced along horizontal bedding planes and 
that fluorite has metasomatically replaced the calcite of the limestone, 
producing a banded structure without crystallization in free spaces. 
On the whole it forms an interesting and typical example of the 
phenomenon of pseudo-crustification, discussed some years ago by 
Mr. Emmons.^ In this case horizontal bedding planes rather than 
vertical shearing planes are concerned. 

With the metasomatic replacement of the rock there has been also 
some free growth of crystals wherever space has been available in 
druses or the brecciated rock. Very beautiful specimens of golden, 
purple, and white fluorspar occur, showing the cube with occasional 
modifications by octahedral faces. 

The introduction of the fluorine solutions was doubtless from the 
main fault along the foot of the hill, and occurred l)efore the develop- 
ment of the present topography. The calcareous sandstone forming 
the Rosiclare member of the limestone was the particular localizing 
agent, as it forms a firm roof over the mine, and, being of unusual 
thickness, 25 feet, was a competent stratum under mild stresses. 
This had the effect of opening up the upper bedding planes of the 
limestone and allowing slight local brecciation, so as to afford entrance 
to the solutions. 

The main fault at the foot of the hill is complicated by the presence 
of a number of minor faults. Along one of these near the mine is an 



• structural features of ore deposits : Trans. Am. Inst. Mln. Bog., vol. 10, 1888, pp. 
804-839. 
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important development of barite, which is particularly interesting in 
view of the absence of that mineral in the oi'e bodv on the hill. The 
relations of the two wei-e not made out. 

South of Ijead Hill, near Cave in Rock, and between that place and 
Elizabethtown, there are a number of faults and some prospecting 
has been done. So far as could be learned no considerable bodies of 
ore have been found. 

Eureka vihie. — North of I^ead Hill the rocks are faulted and dis- 
turl)ed at a number of points and prospecting has been carried on, 
witliout, however, so far as known, developing any ore bodies of con- 
sequence. A possible exception is the old Eureka mine, not the same 
as that near Rosiclare (sec. 23, T. 11 S., R. 9 E.), which is said to 
have yielded several tons of galena. The works are now abandoned, 
but at the shaft a fault plane running N. G0° E. may bo seen separat- 
ing sandstones believed to l)e Mansfield to tlie north and Chester to 
the south. The dump shows small pieces of galena, fluorspar, and 
calcite. 

SCATTERED MINES IN POPE COUNTY. 

General relatiomH, — Much the larger i:)ortion of I^ope County north 
of Bay Bottoms is underlain by sandstcmes of the Mansfield and 
Chester formations. The general abstuice of the Ste. Genevieve and 
lower limestones makes it difficult to recognize faulting, and so, while 
disturbances of the strata have l)een noted at a number of points and 
prospecting is widespread, relatively little has l)een determined with 
regard to the stratigraphy of the region. There is one belt of mines 
extending from the vicinity of the Empire mine to the "Old Clay 
diggings" of the Pittsburg Mining (^onipany near Raum. A second, 
or possibly a continuation of the first belt, includes a number of pros- 
pects near Aliens Spring. Near (iolconda there are a few veins and 
some ])rospecting has becui done, and northeast of town are the Park- 
enson and Gordon mines, already discussed. Near Bay City con- 
siderable lead ore is said to have Ixmmi mined. The>e mines and pros- 
pects will he discussed in the above order. 

Plttshuty mine, — The Pittsburg Mining Company has sunk two 
shaft.s and driven one tunnel into a narrow belt of limestone out- 
cropping in the general sandstone region near Raum. The lime- 
stone is dark, flint v, and not very fossil if erous. It si^mis to be of 
St. Louis age. It outcrops in a l)elt about '200 feet wide, having a 
general course N. 35° E., and is said to be traceable for several miles. 
The sandstone to the northwest, at least, is probably Mansfield. 
That to the southeast is of undetermined age. The limestone is 
much broken and there are considerable bodies of breccia. Galena 
iind blende occur in small veinlets through the limestone and in the 
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matrix of the breccia. Thev ore associated with calcite and white 
and purple fluorite, which form the main cementing material. The 
blende is a bright rosin " jack," and the company is now reported to 
be erecting a mill for concentrating the ore. 

Near the works is the kaolin pit from which the property takes its 
local name, " Old Clay diggings." The pit has been abandoned for 
a half century, but its size indicates that considerable bodies of 
kaolin were shipped. The kaolin occurs apparently on the contact 
between the limestone and the sandstone, which, as now exposed, has 
weathered to a bright-red color. The origin of the kaolin is un- 
known. No igneous rocks have l>een found in or near the mine. 

McClellan mine. — Northeast of the Pittsburg mine (section 11) 
limestone is again seen, but its age was not determined. The general 
country rock is sandstone. A shaft 40 feet deep has developed evi- 
dences of faulting and a body of very clear fluorspar G to 7 feet 
thick. No sulphides were noted. There seems to be a system of 
veins running- from N. 15° E. to N. 35° E. These mark fault phines, 
some of which bring limestone to the surface and some do not. 

In an adjacent section (3) there is a well -developed quartzite reef, 
marking a fault plane in the Chester sandstone and shale. A small 
body of zinc carbonate was found near it. 

Luella mine. — Southwest of the last-mentioned locality (sec. 10, 
T. 12 S., R. 6 E.) and apparently on the same belt of faulting the 
rocks are disturbed and fluorspar is introduced along the sides of an 
infaulted block of limestone. A considerable amount of white spar 
appears here at the surface, some of which seems to l)e sandy. There 
is also a pit showing a small body of kaolin, but the relations could 
not be determined owing to the limited amount of development. 

Taylors Sptnng. — Comparatively little prospecting has been done 
in the region alx)ut Aliens Spring and Kock, though faulting is com- 
mon and float mineral has been found at several points. Near Tay- 
lors Spring (sec. 31, T. 12 S., R. E.) the sandstone has a dip of 22° 
S., strike N. 55° E., and shows quartzitic facies. In the field near by 
small pieces of fluorite and galena have been fomid. 

Moore mine. — On the Moore farm, near Taylors Spring, an open 
cut has been made in sandstone and shale, and small pieces of fluorite 
and galena have been found. 

Wright mine. — In section 3, T. 12 S., R. 5 E., a small shaft has been 
sunk in shales and sandstone, probably of Birdsville age. The 
rocks dip at high angles, 30° to 47°, and in conflicting directions in 
this vicinity, and evidently have been considerably disturbed. Cal- 
cite and pyrite were the only minerals found in sinking, and no well- 
developed vein was located. 

Southwest of this work, in section 9 (NE. \ NE. i), the beds are 
again disturbed, and belts of Birdsville of considerable width are 
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given high angles of dip. A number of prospect shafts have shown 
some breccia t ion of the rock and the presence of calcite as a cementing 
material. 

Golconda prospects. — About a mile south of Golconda, on the 
river bank, faulting has brought the Mansfield sandstone of the bluffs 
into contact with the Chester formations. Parallel to the fault the 
sandstone is sheeted or sheared and a minor amount of barite has been 
introduced. No other minerals occur. 

West of Golconda the Chester comes in abruptly, replacing the 
Mansfield, and there seem to be several minor parallel faults and 
crevices. In one of the latter, showing in the first railway cut west 
of the town, is the Gilbert dike, which was prospected for mineral to 
a depth of 70 feet in 1903 without favorable results. 

Bay City mine. — Near Bay City the rocks are broken by fault 
planes presumed to represent the Rosiclare-Fairview system of fault- 
ing. Along these planes fluorite, galena, and blende have been de- 
posited, and an effort is being made to mine them. The Black mine 
is located in section 26, T. 14 S., R. 6 E., on a low hill rising about 
26 feet above the Ohio River bottom land and cut off from the main 
bluff by a low col. Near the old shaft there are clear evidences of 
faulting in the sandstone which forms the surface material. The 
dump shows a brecciated limestone cemented by calcite and fluorite 
and carrying galena and blende. A small amount of zinc carbonate 
also occurs. The vein dips to the west, and a new shaft was being 
sunk to intersect it. In the hillside near by there is a narrow belt 
of limestone running about parallel with the fault upon which the 
ore has been found. 

MINES IN SALINE COUNTY. 

General relatione. — Near the southern border of Saline County, not 
far from the Pope County line, small quantities of galena and fluorite 
have been found and some prospecting is going on. The country is 
rugged, the area including a part of Karbers Ridge. The rocks con- 
sist mainly of Mansfield sandstone, with subordinate areas of the 
later coal measures and some infaulted blocks of Chester limestone. 

Alng and Fei^giisen mine. — This property is in section 21, T. 10 S., 
R. 7 E. The surface rocks consist mainly of sandstone, with subor- 
dinate amounts of black shale and limestone. They have been con- 
siderably disturbed and dip occasionally at high angles. There are 
three shafts. At the first the beds strike nearly north and south 
and dip 52° to the east. This shaft has been stink on a thin bed of 
black shale, and there is apparently no displacement, though a minor 
amount of dip faulting may be present. Barite and fluorite are 
foimd in small amounts crystallized together in broken quartzitic 
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sandstone. There are a few small crystals of galena. Calcite seems 
to be entirely absent In the second shaft a limestone is present and 
small amounts of galena and fluorspar show. In the third, located 
farther south, near a contact of limestone and sandstone, small 
amounts of galena, pyrite, and fluorspar occur in cracks in the lime- 
stone. 

Big Four mine. — On the Miller land, section 32, a shaft has been 
sunk 30 feet in Chester limestone. This rock is apparently in place 
and imdisturbed, though near it pieces of brecciated limestone 
cemented by calcite were picked up, and in the same vicinity there 
are small pieces of blende and evidences of faulting. In general it 
may be said that in the vicinity small quantities of the sulphides and 
of fluorspar are widely disseminated and the rocks are faulted and 
broken in a manner favorable to ore deposition. At the time the 
area was visited, however, no considerable bodies of ore had been 
located. Later prospecting is said to have given more encouraging 
results. 

GENESIS OP THE ORES. 

It is impossible in the present condition of knowledge to make an 
exact and final statement as to the origin of the ores of this district. 
The best that can be done is to indicate certain alternative hypotheses 
and to discuss their possible conflicts and agreements. In view of 
the unusual character of the ores and the interest attaching to them, 
it is believed worth while to do this, even though it be admitted at 
the outset that the explanation offered is founded on hypothesis, 
though in accord with the facts as known. 

ORIGINAL SOURCE OF MATERIAL. 

The ore bodies reprasent concentrations of material normally pres- 
ent in rocks in a disseminated form. The minerals entering into 
their composition must have come either from the sedimentary rocks 
exposed at the surface and continuing for some depth below, or from 
deeper lying igneous rocks of which the dikes present at the surface 
represent offshoots. Neglecting calcite, pyrite, and other minerals 
widely distributed, attention may be concentrated on the rarer 
metallic sulphides — ^galena, blende, and stibnite — and on the fluorite. 
The discussion of their possible origin will te taken up in order. 

OBE MINERALS. 

The common ore minerals of this district, neglecting secondary 
and derived forms, are galena and blende. These sulphides of lead 
and zinc occur in both igneous and sedimentary rocks and are widely 
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disseminated. Large bodies in unaltered limestone are especially 
characteristic of the Mississippi Valley and they show throughout 
the world a t<5ndency toward segregation in dolomite and limestone. 
The lead and zinc deposits found at other points in the Mississippi 
Valley, excluding those of southwestern Arkansas, are believed to 
i-epresent concentrations from the surrounding limestone brought 
about by the activities of ordinary meteoric water. Specifically, it 
is believed that they represent material originally deposited in the 
dolomites of the Cambro-Silurian and later concentrated in their 
present situations.** The evidence for this will not be reviewed here. 
In certain particulars the ores of this district differ from those found 
elsewhere in the valley, and this raises a question as to the applica- 
bility to them of the theories worked out from a study of the others. 
These differences are as follows: 

(1) The antimony occurring in connection with the lead is found 
elsewhere in this region only in southwestern Arkansas, where the 
relations are entirely distmct from those normal to the Mississippi 
Valley. The lead ores of the valley are always particularly free from 
antimony, so much so as to class them as soft ores in distinction from 
the western or hard ores. 

(2) The fact that the galena is slightly argentiferous is also dis- 
tinctive. I'he amount of silver present is not great, but is none the 
less large when contrasted with that found elsewhere in the region. 
The following analyses made by Messrs. Chandler and Kimball were 
published some yeai's ago by Whitney,'* and indicate the amount of 
this difference. 

Analyses of galena from southern Illinois. 

Troy ounces sUver per 
2,000 pounds leadT 

Rosiclare, 111 9i 

Massac County, 111 1| 

Mineral Point, Wis 3 

Hoc'kvnie, Wis | 

Marsden lode (near Galena), 111 ^ 

The amount of silver is small and its occurrence seems irregular, 
but that it is ever present to the amount indicated is striking. H. A. 
Wheeler has recently discussed this point in connection with the 
occurrence near Fredericktown, Mo., and in Algonkian felsites of a 
narrow vein of non argentiferous galena.*^ He argues from this that 
the neighboring lead deposits in the limestone were deposited by 
ascending waters of presumably deep-seated origin. If it prove gen- 

.'^ Preliminary report on lead and zinc deposits of the Ozark region: Tweiity*8econd 
Ann. Kept. U. S. Geol. Survey, pt. 2, pp. 23-227. 

Whitney, J. D., Geol. Survey Illinois, vol. 1, 186G, pp. 188-189. 
<" Wheeler, II. A., Eng. and Mln. Jour., March 31, 1904. 



I'AiN.l ORIGINAL SOURCE OF ORE MATERIAL. 63 

erally true that the galena of the older rocks in this region is non- 
argentiferous, this would seem to emphasize the unusual character of 
the conditions under which such deposits as those of southern Illinois 
originated and would point to the improbability of the whole of the 
material entering into the compositioaof the ore bodies being derived 
from the normal rocks of the region. 

(3) The marked development of fluorite in connection with the 
lead and zinc is^i. wholly exceptional for this region. In none of the 
other lead and zinc districts has this mineral ever been noted, despite 
its showy character; and in the Joplin district the country rock, so 
far as Mr. Steiger's analyses go, fails to show a trace of fluorine. 
^Vliile any negative evidence derived from country rock is not con- 
sidered strong evidence, it is at least suggestive. 

(4) The presence of numerous and inijwrtant fault planes and the 
association of the ores with them are peculiarly characteristic of this 
district. While faulting is not absent elsewhere, and, indeed, is 
Iwlieved to have a high significance as regards the genesis of the Jop- 
lin ores, it is nowhere as important as here, and in none of the other 
districts do the ores so persistently follow the fault planes. In this 
particular the ore lx)dies found here are more like those of the West- 
ern States than like those of the Mississippi Valley generally. 

(5) The presence of igneous rock in the vicinity of the ore bodies 
is, so far as known, wholly restricted to this particular district. 

These various facts point to the conclusion that, while it would 
perhaps be possible to consider the lead and zinc found here as being 
in the same category with that found elsewhere in the Mississippi 
Valley, the probability is that either its source was unusual or the con- 
ditions under which it was concentrated were entirely different from 
those prevailing elsewhere. The most notable peculiarities in each 
particular seem connected with the presence in the district of igneous 
rock. 

OANOUE MINERALS. 

The gangue minerals associated with the ore bodies of this district 
are those commpn in the Mississippi Valley, with the exception of the 
fluorite. Calcite, quartz, and barite are found in all the districts, 
though not in equal amounts. There is a striking and peculiar 
absence of dolomite, which els(»where is a constant associate of galena 
and blende. WTiether this absence is due to the derivation of the 
ores from the inmiediateh" surrounding rocks, which are nonmag- 
nesian, or from some entirely new source, or whether the Cambrian 
and Silurian rocks underlying the district are here nonmagnesian, is 
uncertain. The greatest peculiarity of the ore bodies, however, is the 
presence of large quantities of fluorite. This mineral is somewhat 
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widely distributed, principally in metamorphic rocks. In the United 
States it occurs from Maine to Virginia in the Piedmont and Appa- 
lachian areas.® In the Western States it is not unconmionly found in 
small quantities in connection with metalliferous veins. In the Miss- 
issippi Valley it is exceedingly rare. At one or two localities in cen- 
tral Kentucky and Tennessee it occurs in nonmagnesian limestones. 
From Tennessee it is now being shipped. It is reported to occur in 
druses in the St. Ix)uis limestone at St. Louis, and, Mr. Ulrich has 
observed a few crystals in the Ste. (lenevieve limestone at the type 
locality for that formation. With these exceptions it is not known 
to occur at any point in the valley, and it is entirely absent from 
all the lead and zinc deposits of the region, except those of this 
particular district and the small deposits in central Kentucky near 
Lexington. 

Abroad the most important localities for the production of fluor- 
spar are the north of England and certain Saxcm mining localities 
in Germany. The English deposits occur in limestones of about 
the same age as those of southern Illinois, and in many particulars 
the occurrences are similar. This extends even to a close similarity 
in the dike rocks present in both districts. In Saxony the fluorspar 
occurs near Freiberg in veins and druses in gneisses, schists, and 
slates, cut by dikes of quartz-porphyry and by gabbro. It is asso- 
ciated with argentiferous galena, blende, stibnite, and many complex 
comiwunds not found in the Kentucky-Illinois district.* 

Fluorine itself has been found in sea water, in boiler incnistations 
of ocean vessels,'^ and Dana found it in calcareous corals. It occurs 
in the bones of marine animals, and was found in small quantities 
in the manganese nodules brought up by the Challenger nets from a 
depth of 2,375 f athoms.** 

From these notes it appears that fluorite may well be expected to 
occur in small quantity in limej^tones and other sedimentary rocks, 
but that its presence in unaltered limestones is very rare, and that 
the only important bodies of fluorite know^n and worked commer- 
cially are in limestones which have been intruded with igneous rock. 
Both Mr. Emmons and Mr. Tangier Smith have shown that the 
apparently unaltered limestones of this district contain small quan- 
tities of fluorine. 

« Dana, Mlneraloloffy, 6th ed., 1892, p. 163. . 

*Von Cotta, R., Treatise on Ore Deposits (Prime translation). 1S70, i). 98. 
*• Piimpelly, Raphael. Geol. Survey Kentucky, 2d ser., vol. 2, pt. 8, p. 46. 
' Deep-Bea|deiK>sitB, Report Challenger Expedition, p. 421. 
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Mr. Smith's analyses, made by Mr. Greorge Steiger, of the United 
States Geological Survey, are quoted below. 

Analyses of Umeatone from Kentucky and Missouri, 
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c matter 


Trace. 


(«) 




(") 




- «•*.•-. 








« Doubtful trace. 









I. Ste. Genevieve limestone from near View, Ky. 
II. Ste. Genevieve limestone from near Crider. Ky. 
III. St Louis limestone from Crittenden County, Ky. 
IV. Limestone from Shoal Creek, southeast of Joplin, Mo. 

While there is always doubt attaching to the origin of these minute 
quantities of material, and it is impossible to make sure that they do 
not represent secondarily-introduced material, it would seem that the 
limestone is at least a possible competent source of the fluorite. 

As a constituent of igneous rocks fluorite is common. It enters into 
the composition of a number of widely disseminated minerals, includ- 
ing the common variety of apatite, certain micas, and topaz. Of these 
the first two named occur in unusual abundance in the dike rocks of 
this vicinity, though it is not certain that the particular minerals 
found here are fluorine bearing. Analyses of the freshest dike rock 
available, made in the Geological Survey laboratory by Mr. George 
Steiger, gave the following results : 

Fluorine in analyses of dike rock of southern Illinois and Kentucky. 

Per cent. 

Etowney dike, Rosiclare, 111 None. 

Mix dike, Golconda, IH 0. 13 

Hard dike, Marion. Ky None. 

It is of interest to recall in this connection the fact that in even the 
most altered of the igneous rocks the apatite, presumably the mineral 
carrying the largest amount of fluorine, is fresh and unaltered. 

Fluorine has commonly been observed in connection with volcanic 
outbursts, and fluorite is one of the most common minerals connected 
with volcanic rocks. At Cripple Creek, Colorado, and many other 
western camps it is abundant in intrusive and extrusive rocks of Ter- 
tiary age. 

So far, then, the igneous rocks form a very probable source of the 
Bull 25&-06 M 5 



66 FLUORSPAR DEPOSITS OF SOUTHERN ILLINOIS, [bull. 255. 

fluorine, but the evidence that the material did actually come from 
them is weak. If it is of any such origin, it presumably was not 
segregated during the weathering of the rocks and, recalling the 
field evidence, there seems little connection between particular dikes 
and individual ore bodies. 

PROCESS OF CONCENTRATION. 

There are two broadly contrasted methods by which the present ore 
bodies may have been concentrated. The first is by the action of the 
normal meteoric waters of the region, which may here, as in other 
districts, have gathered the disseminated material from the country 
rocks into the veins. The second is by the action of heated waters, 
either originally meteoric or derived from the intruded igneous rock, 
or in part from each source. It is believed that the evidence points 
to heated waters having been the agency by which the ores were segre- 
gated and that they obtained an essential portion of their load from 
a large mass of lower-lying intruded rock, of which the dikes are the 
offshoots. 

It has already been pointed out that the ore bodies show no sign 
of secondary enrichment, and apparently the surface waters now in 
the region can only operate to destroy rather than re-form the ore 
bodies. As compared with limestone, fluorite is relatively insoluble 
in cold water, though still more soluble than barite, which is very 
commonly concentrated by such waters. In the presence of an abun- 
dance of calcium carbonate in the surface waters mass action would 
demand that the waters largely exhaust their powers in working 
upon the country rock rather than the vein minerals. This seems 
to accord with the facts of the field, since the crystals of fluorspar in 
druses, which might he considered to represent reconcentration, are 
relatively rare, and, as has been seen, the sulphides, which are very 
delicate indices of the process of reconcentration, show no clear 
evidence of such action, but point rather to its absence. It is diffi- 
cult to l>elieve, therefore, that such waters have gathered minutely 
disseminated quantities of fluorite from the surrounding limestone 
and formed the veins as they now occur. It is also to be remembered 
that in other districts of commercial importance in the Mississippi 
Vallev, where such waters have been shown to be effective, both the 
ores and the gangue dilTer in the important particulars already 
enumerated. 

If it be held that the watei-s which formed the ores were heated 
waters, but that they derived their load from the St. Louis, Ste. 
Genevieve, and surrounding limestones, it may be pointed out that the 
normal tendency of heated waters rising along faulting fissures would 
undoubtedly l)e toward deposition and dissemination of material 
j-atlier than toward its segregation. This would seem to indicate 
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that the waters were loaded before reaching these horizons rathor 
than the reverse, and would make the association of the fluoi'spar 
with the Ste. Genevieve a matter dependent upon the precipitating 
action of the latter rather than the reverse. This does not exclude 
the possibility of minor contributions to the veins from the surround- 
ing country rock, though it may be pointed out that it is to the 
lower-lying Cambrian, Ordovician, and Silurian rocks that one 
would look for any considerable quantity of lead and zinc if the 
general analog}' of the other districts in the Mississippi Valley l)e 
considered important. This was indicated in an earlier general 
paper on the lead and zinc deposits of tlie valley." The published 
data then available prove to have lx»en somewhat misleading, and the 
analogy is now l)elieved to l)e loss close than was suggested. 

It is probable that the unusual quantity of apatite in the dike 
material, and to a less extent the large micas, indicate a magma in 
which fluorine was present, and that this fluorine was given off to 
the underground waters during the period of cooling and consolida- 
tion of the underlying mass of rock. 

The association of the minerals and the common phenomena of 
marked silicification of the hanging wall are interpreted as indicating 
deposition from heated ascending solutions carrying fluosilicates 
of zinc, lead, copper, iron, barium, and calcium. These are be- 
lieved to have been broken up and precipitated by descending cold 
waters, which possibly also furnished the sulphur to combine with 
the metals, though it is not improbable that sulphur was an original 
constituent of the rising solutions. 

EOOXOMic importaxct: and futurk of the district. 

SOURCES AND USES OF FLUORSPAR. 

The Kentucky-Illinois district is not only the main American 
source of fluorspar, but is the only one from which spar reaches the 
general market. Since 188:i the district has produced 200,000 tons 
of spar, having a total value of $1,521,020. 

There are no data for determining the production of the Illinois 
mines separately. For many years they produced practically all the 
output Recently the Kentucky mines have been developed, and 
now are producing nion^ than those north of the Ohio. In the follow- 
ing table are given the output and value of fluorspar in the United 
States for 1902 and 1908, the figures \mng taken from Mineral 
Resources of the United States, 1908. 



• Van HIse, C. R., and Bain, II. Foster. Lead and Zinc DepoHits of the MisBiKKlppi Val 
ley, U. S. A., read before the Institution of Mining Bngincera, lx>ndon, 1002. 
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Production of fluorspar in the United States in 1902 and 1003, by States. 



mu. 



State or Territory. 



190B. 



Quantity. ! Value. I Quantity. | Yalne. 



Short tons. [ 

Arizona and Tennessee 628 . $6,872 

Kentucky 29,030 j 143,410 

Illinois 18,360 , 121,532 



Sh€>rt tons. 
275 
30,885 
11,418 



Total 48.018 1 271,814! 42,528 



$2,037 

158,960 

57,620 



218,617 



The spar is shipped in part by the Illinois Central Railway and in 
part on the Ohio River. Prices are fixed by Pittsburg quotations, less 
freight and commissions. At Pittsburg the American spar comes 
into competition with English and German material imported 
through New York. The American mines supply the western trade 
and about half of the Pittsburg demand. The importers control the 
eastern trade and determine prices at Pittsburg. 

There are three main uses for fluoi*spar. The highest grade, run- 
ning le,ss than 1 per cent of silica, and white in color, is sold either 
ground or in lump, for u.se in the enameling, chemical, and glass 
trades. It brings the high(^st price, recent New York quotations 
being $8 to $10 a ton unground and $11.50 to $13.50 ground. The 
price at the western mines is about a dollar less per ton than the New 
York price, to oifset differences in fn»ight rates to competing terri- 
tory. There is a limited nuirket for this grade of spar, and it prob- 
ably would not lx». extended nui(*h even at lower prices, since the 
amount used is determined by conditions wholly outside the cost of 
the spar. On the other hand, it is a question whether even a higher 
price could not well Ije obtained for this grade. 

The second grade of spar is used in steel making, and is sold 
unground as lump or gi-avel. It includes colored spar and may run 
as high as 4 per cent silica, though mostly sold with a 3 per cent 
guaranty. It is demanded for open-hearth work because of the great 
fluidity which it gives the slag At present at least 20,000 tons are 
used annually in this work, at a cost to the user of from $6 to $8 per 
ton. Importers have now a slight advantage in the Pittsburg 
market on this grade of ore. It is probable that when a steady supply 
of fluorspar at the present or slightly lower prices can be guaranteed 
in steel-making centers the market can rapidly be expanded, and tliis 
affords the most hopeful outlook for spar producers. In many ways 
fluoi'spar has advantages over other fluxing materials now used. 

The lowest grade of spar, including all running over 4 per cent 
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silica, or spar mixed with calcite, can be used in foundry work, and 
while the price is and always must }ye low, there is possible an almost 
unlimited market. It is probable that systematic efforts to introduce 
the low-grade material into this trade would be highly beneficial to 
the industry as a whole. While there would be little profit in min- 
ing foundry spar, it would allow the production of No. 2 spar in 
quantity and at prices demanded by steel makers. With the exhaus- 
tion of bessemer grades of iron there will be an increased demand 
for fluorspar, though even now demand is ahead of supply for steel- 
making grades. Since at any increase in prices it becomes cheaper 
to use less efficient fluxes, it follows that while the output can be. 
increased prices probably can not be much changed. 

With these facts in mind it is seen that the fluorspar mines of the 
Kentucky-Illinois district will have for many years a large and 
growing market to supply. Their only competitors are the importers, 
and competition with them is mainly a matter of transportation <*osts. 
It is not certain that this competition will always be keen as now, since 
foreign producers have an important and growing trade outside 
the United States. Mines in the Rocky Mountain region and other 
Western States can not be expected to disturb the fluorspar market. 
Such fluorspar as occurs in connection with the ores of that region 
will probably always have a sufficient local market. The quantity 
present is not imjwrtant in any western district yet described, and 
local smelters make an allowance for lime, which, entirely aside from 
the cost of transportation, is likely to prevent shipments of spar to 
the East. 

FUTURE PRODUCTION. 

The opinion already given as to the genesis of the ores indicates 
the belief of the author that they will prove permanent in depth to 
horizons below which they can not be worked because of increasing 
cost. The low value of the ore places a somewhat severe limitation 
upon the future depth of mining, and it is possible that this feature 
alone will in most situations preclude work to a depth greater than 
1,000 feet. It is also possible that changes in the character of the 
country rock may influence disastrously the size and character of the 
ore bodies. It has been impossible to get any data on the character 
of the rock which occurs in this area beneath the Ohio shale. Nor- 
mally a considerable thickness of dolomites and limestones would be 
expected to be present, but they may be absent, and it is not impos- 
sible that the supposed igneous mass occurs below the shale. In all 
the mines so far located in Illinois the shale lies 500 to 1,000 feet or 
more below present workings. 
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There ai'e no data at hand for predictions as to change iii character 
and richness of the ores with depth. Changes in the country rock 
may l)e expected to have an important influence, and so far the Ste. 
dene vie ve and other Chester fomiations have proved most favor- 
able. In the Illinois mmes nothing suggesting rearrangement of the 
ores and secondary enrichment coincident with degradation of the 
surface was observed. At the Empire mine carbonates gave place 
to sulphides within the first hundred feet, and below that level no 
change was observed. 

In the Kentucky mines a number of deposits of first-grade fluorspar 
are said to have given out or lost grade with depth. The significance 
of this fact is imcertain. Wiether it is to l)e correlated with change 
in wall rock, or indicates only the usual irregular distribution of ore 
in depth as well as along a vein, is not clear. In no case was develop- 
ment carried on to det4?rmine whether the ore would come in again at 
lower levels. If it he true that the dimimition in size of the ore bodies 
was related to topography rather than stratigi*aphy, it can only be 
stated that the best obtainable evidence in Illinois does not warrant 
the Iwlief that the rule is universal. The character and size of the 
ore bodies certainly do not Ix^ar any constant relation to the present 
land surface. 

In the light of these facts and the wide prospecting which has been 
going on in the district, little encouragement is offered to the hope of 
finding important lM)dies of lead and zinc on the northern side, at 
least, of the river, but it is Ix^lieved that the fluorspar deposits afford 
the basis for an important and growing industry. 

(U:H)E8 VOU PROSPECriNG. 

Fluorite is such a distinctive and easily recognized mineral that it 
is not often overlcH)ked. Its presence, or that of galena or blende, is 
usually sufficient to warrant careful prosix^cting for an ore body. 
Calcite, on the other hand, is so common that its presence is not 
often significant. The presence of faulting fissures may usually be 
recognized by the fact that rocks of unlike character are brought into 
contact along straight lines or by the presence of the quartzite reefs 
already discussed. To a less extent any disturbance of the strata is 
in this district probably connected with faulting. When a body of 
spar has been formed along a fault contact it should first be pros- 
pected by a few shallow shafts along the strike to determine its extent. 
That proving favorable, regular sinking nuiy be undertaken with 
some confidence. In general it is to be remembered that the material 
is of low value and expensive installations are not warranted. While 
some lead and zinc nuiy lx> saved in mining the spar, it is not thought 
that they are generally of fii-st importance. 
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MINERAL RESOURCES OF THE ELDERS RIDGE 
QUADRANGLE, PENNSYLVANIA." 



By Kai.ph \V. Stone. 



INTRODUCTION. 

LOCATION AND AREA. 

The Elders Ridge (luadrangle is located in central-western Pennsyl- 
vania. It extends from latitude 40 BO' on the south to 40'^ 45' on the 
north, and from longitude 75'- 15' on the east to 75 ' 30' on the west. 
It includes, therefore, one-sixteenth of a square degree of the earth's 
surface, and covers an area of 227 square miles. It takes its name from 
a small village in its southern-central part, in Indiana County, almost 
on the Armstrong-Indiana county line. 

A})Out half of the quadrangle is in Armstrong County and half in 
Indiana County. The N. 36'^ E. line, which forms a portion of the 
boundary between the two counties, extends from the up[)er right- 
hand corner of the quadrangle to Kiskiminitas River in the lower left- 
hand corner. The portion of the quadrangle lying south of the river, 
about 5 square miles in all, is a part of W(»stmoreland County. 

TRIANGULATION POINTS. 

The exact location of the Elders Ridge (|uadrangle with reference 
to latitude and longitude is determined from certain high points, the 
position of which has been ascertained accurately by triangulation. 
There are four triangulation stjitions within the boundaries, and five 
near by, which give complete control of the (|uadrangle. Th(» locations 
of the stiitions within the quadrangh* are shown on the topographic map 
by small triangles. Fig. I (p. lo) shows the relations of the nine con- 
trolling points. 

These stations are marked by stone posts, fJ by fi or 8 by s inches in 
cross section, set about 3 feet in the ground. In the center of the top 

a The author deslro* to iioknowkMlK** ^lin indebted rn*ss to (Miarles Butts and L. H. Woolsey, wlio did 
part of the geologic mapping of the (lundningh*. and to M. K. CamplM«ll. all of the T'nited Slates 
lieological Survey, foradvi«*e and assistance; also tt» the gas companies for the use «»f their nM-ords, 
and to the superintendentj of the several coal <'om])anles for valuubW iwtv^iwv^Wow. 
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of each post is cemented a bronze tablet marked " U. H. Geological 
Survey — Pennsylvania." For the convenience of engineers making 
Hurface surve^'n the following descriptione of these stations are given. 
Full details regarding the angles by 
which their positionH have been deter- 
mined can be found in Bulletin No. 181 
of the United States Geolt^cal Survey, 
which can be obtained on application to 
' the Director at Washington. 

CRARAU, ARMaTROMH COUKTV. 

About 1 mile east ol Blanket Bill pofltH>fllce, 
on a bare ridge of Liiltivatad land owned by tbe 
Fi — ni h I 1 ti Gmham heire and rented by W. A. Bloae. Lati- 

"ri.n«ulaHoT.u«oI.Tn™[ch"h". t.ide, 40= 46' 17.28". Ungitude, 79" 24' 60.74*. 

.urvey of the Eld.n, Bldffe quwl- KUKKLB, INDIANA CO^NTT. 

ntngle is bawd. 

On land owned by Philip Kiinkle, abont 2 milM 
north of Creekside post-ofSce, near weatem end ot a high ridjte having scattering 
treea on the eastern end. latitude, 40° 42' 28.78". Iflngitode, 79" 12' 14.09*. 




About 2} milea north of Shelocta and a few rode east of the Aimstrong-Indiana 
L-onnty line; bare hill, with some timber on the southwest slope. The land is owned 
by John Russell. Latitude, 40° 41' 16.95". Longitude, 7»° 17' 28*. 



In White Township, about 2 miles northwest ot Indiana, on high hilltop, on land 
owned by U. Coleman. UUtude, 40° 38' 09.95". Longitude, 79° 11' 02.71*. 



COUNTY. 

About 3 miles southwest of Indiana, in White Township, on the higheat part of a 
liare, ronndtop hill, on laml owned by Mr. Warner. Latitude, 40* SS' 29.07*. Lon- 
gitude, 7»° 1.1' 10.50". 

WATT, ISDIANA COl'NTV. 

About 1 mile west ot Tannery poct-offlce and IJ mllee southeast of Parkwood post- 
of[l<'e, on the higlietit point of the western one of two hilli! of about the same height 
anil I mile a)Nirt, on land owned by Thoniae Watt. latitude, 40° 36' 02.99*. Ix>d- 
gitude, 79° 1«' 45.32". 



In Young Towniihip, about 1 mile exnt of KIders Ridfce poet-ofllee, on the highest 
lM>iiit of a Iwre rouii<lt<)|i bill owned by Calvin Hood, Latitude, 40° 34' 38.44*. 

I-mgitiiil^, 7H° ZV 25.4.-/'. 



A coll NT V. 



.\liout Ij miles tumthcast of Ularksbnr]; |Hist.oAice and abont 6 milea by road 
norlheaHt of SaltHbury, on the liigheet part of a bare, <-ultivated, ronndtop bill owned 
by tbe heirs of H. W. Coleman. Utitade, 40° Sff 54.57". longitude, 79" 21' 49.71*. 



In Bi^ll Township, about IJ miles north of Perrynville posl^ffice, on tlie e« 
pari ola bare knob, and about 3 feet lower than the highest part of the bill, on 
o»7j«i /y .9. McCauley. latitude, 40" ai' 2a.W. lAmsiXMft.lV W W.<!A.". 
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BENCH MARKS. 

Precise-level lines have been run over the Elders Ridge quadrangle, 
and elevations are based on and adjusted between bench marks estab- 
lished by spirit leveling. All bench marks are referred to an alumi- 
num tablet in the foundation of the Seventh Avenue Hotel at Pitts- 
burg marked ** 738 Pittsburg 1899," the elevation of which is accepted 
as 738.384 feet above mean s(^ level, and are stamped with the letters 
'* Pittsburg" in addition to their figures of elevation. A list and 
description of the bench marks established in this quadrangle for 
the preservation of altitudes, with their precise elevations, as finally 
adjusted in 1903, follows. Where a whole number is given without 
decimals the altitude is not exact, being given only to the nearest foot. 

Elevation of bench marks in Elders Ridge quadrangle, 

8HBLOCTA, PARK WOOD, AND KENT. 

Feet 
Shelocta, 2.75 miles east of; under clump of oak trees, rock, chiseled mark . 1, 054. 80 
Shelocta, 1.25 miles east of; south side of road, near barn and nearly oppo- 
site house on north side of road, rock, chiseled mark 1, 013. 65 

Shelocta, 0.25 mile east of; at intersection of roads, near covered bridge, 

rock, chiseled mark 994.45 

Shelocta, covered bridge over Crooke<l Creek, at west end of; northeast 

wing wall of, coping stone, bronze tablet marked ''992 Pittsburg" 991.414 

Shelocta, 1.2 miles southwest of; south side of road, rock, chiseled mark. 1, 046. 42 
Shelocta, 2.5 miles south of; opposite white house, under clump of loimst 

trees, rock, chiseled mark 1 1 , 1 25. 05 

Shelocta, 2.75 miles south of; west side of road, opposite hickory tree, rock, 

chiseled mark 1,165.28 

Park wood, 1,000 feet north of; west side of road, rock, chiseled mark 1, 331. 42 

Park wood, 1. 75 miles south of; bridge over Blacklegs Creek 1, 082. 00 

Kent, 3 miles north of post-office; W. L. NeaPs brick residence, on upper 

foundation stone, aluminum tablet, marked ** 1167 Pittsburg" 1, 167. 098 

Kent, 2 miles north of post-office; Clark NeaFs residence, in front of, on 

top of stepping block, chiseled mark 1, 138. 98 

Kent, 0.25 mile north of post-office; by old bam, rock, chiseled mark 1, 071. 43 

Kent, at intersection of roads at west end of; opposite blacksmith shop, 

rock, chiseled mark 1, 055. 49 

Kent, 0.8 mile south of post-office; on east side of road, opposite sawmill, 

rock, chiseled mark 1,038.86 

Kent, 2 miles south of post-office; James M. Jack's brick residence, on 

stone doorstep, bronze tablet, marked ** 1029 Pittsburg" 1, 028. 344 

Kent, 3.5 miles south of post-office; bridge over Aultmans Run 982. 00 

SHBLOCTA, ALONO HIGHWAY VIA ELDEKTON, COCHRAN MILLS, AND KLDERS RIDGK TO 

.lACKSONVILLE (KENT POST-OFFICE). 

Shelocta, covered bridge over Crooked Creek; in wing wall of, bronze 

tablet, marked "992 Pittsburg" 991.414 

Shelocta, 1.5 miles northwest of; large white house and barn, on gate in 

front of 1,004.00 

Elderton, 2 miles east of; at road intersection, iron bridge over Plum 
Creek, floor of 985.00 
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Feet. 
Elderton, opp^JHito hotel, on 8tre<»t corner; in west Bide of square stone 

hitching post, aluminum tablet, marke<l ** 1265 Pittsburg*' 1,264.51 

Elderton, 3 milen from; 0.5 mile etu^t of Cherry Run, tree, nail in root of.. 1, 124. 55 

JElderttm, 3.5 mik»s from; bridge over Cherry Run, floor of 1, 002. 00 

Oorhran MillH, 3.1 miles northeant of; at fork of road, bridge, floor of 946.00 

Cochran Milln, 1.5 miles northeast of; at roa<l to east, bridge, floor of.... 917.00 

Coc'hnin Milln, iron bridge over ( -herry Run ; floor of 868. 00 

(^oi'hran Mills, (»ld covere<l wcMKlen l)ridge over Oooked Creek; east abut- 
ment of, in northwest wing wall of, bronze tablet marked **871 Pitts- 
burg** 870.429 

C(x*hran Mills, 1 mile east of; near crest of hill, on rock, chisel mark pro- 
jection 1,227.36 

Cochran Mills, 2 miles east of; signboard trvv, nail in root of 1,261. 72 

( lirty, at road intersi^ction, ground 1, 003. 00 

(lirty, 0.2 mile southwt^t of; bridge over Crookwl Crwk, on wing wall of, 

imint S[K>t 945. 97 

Shady Plain, 0.5 mile north of; at roa<l fork to west 1, 393. 00 

Elders Ki<lge, 2 miles north of; 0.25 mile alM)ve S(^hoolhouse, on left of 

road, rock 1, 139. 50 

Olivet, at sign ** West Lelwion 4 m.," road fork 1,079.00 

Elders Ridge, Presbyterian Chun*h, in southeast (*omer of, foundation 

stone, aluminum tablet marketl ** 1226 Pittsburg** 1,225.639 

Clarksburg, 1 nnle west of; 1^00 feet west of coal pit, by side of road, log, 

nail in end of 1,137.89 

Clarksburg, 1,000 feet west of Main street, large oak tree, nail in root of.. 925. 08 

Clarksburg, front of hotel, at comer of, on stone, chiseled square 917. 85 

Clarksburg, 0.75 mile east of; Blacklegs Creek, covered bridge over floor of. 931. 00 
Clarksburg, alx>ut 2.5 miles east of; at left of road and above white house, 

white-t>ak tree, tack in root of 1, 071. 65 

Clarksbtirg, about 3.5 miles east of; signboanl tree, nail in root of 1, 256. 23 

Jacksonville, Kent post^oftice, 1 mile west of; summit of road, ground... 1,335.00 
Jacksonville, Kent post-office, blacksmith shop near road intersection, on 
stone, chisel mark 1, 055. 49 

AT KHRI. 

Edri, 0.1 mile west of station; railroad bridge, on west abutment of, on 
south end of bridge seat, copiH>r lx)lt, Pennsylvania Railroad bench 
mark 834.55 

Edri, 0. 1 mile weijt of station; railroad bridge, in northwest comer of 

bridge seat, bronze tablet marktnl "834 Pittsbuiy" 833.732 

TOPOCJUAIMIY. 

SrKFA<^E KKIJKF. 

The highest point in this quadnm^lo is Watt Hill, in Armstrong 
Township, Indiana County. Its top is l,r»20 foot above sea level, or 
nearly 300 feet hijifhc^r than the road corners at Parkwood. The point 
of least elevation is on Kiskiniinitas River below Salina, where the 
level of the water is about HiH) feet above tide. Crooked Creek has 
nearly the same elevation when* it leaves the quadningle a few miles 
to the north. 
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• 

Throughout this quadrangle the surface \s hilly. For this reason 
roads find better grades along the valleys than on the higher land, 
although some highways on the divides have easy grades for several 
miles. PI. II, A^ gives a broad view of the geneml topography, with 
Elderton in the middle distance, and PI. II, B^ shows in greater 
detail the character of topography developed on the Conemaugh 
formation. Rockville is in the foreground of the view. Because a 
large portion of the surface of the region is underlain by the rocks 
of one formation — and they vary but little from place to place — there 
is not much change in the character of the surface relief. 

DRAINAUK. 

The drainage system of this quadrangle is developed to the extent 
that streams penetrate all parts of the area. The main streams are 
still cutting rapidly and not building extensive flood plains. As is 
the case throughout much of western Pennsylvania, they, are liable to 
floods, due to occasional heavy precipitation and to stripping of the 
former forest. 

All of the drainage is tributary to Allegheny River. The streams 
are so small that none is navigable, even for rowboats, except on 
short stretches. The largest is Kiskiminitas River, which is formed 
b}' the junction of the Conemaugh and Loyalhanna at Saltsburg, about 
3 miles south of the border of the quadrangle. The Kiskiminitas 
crosses the southwest corner, flowing due north for 2 miles, and then 
west at a right angle past Avonmore and Salina, about 5^ miles in all. 
It empties into the Allegheny near Frceport. 

The main tributary of the Kiskiminitas in the region under discus- 
sion is Blacklegs Creek, which has its rise in the country alx)ut West 
Lebanon and Parkwood, and flows in a direct course to its mouth, If 
miles south of Edri, near the American Sheet Steel Company's plant. 
Big, Marshall, Hooper, Whisky, and Harper runs are the principal 
bi*anches of Blacklegs Creek. 

Crooked Creek is the second largest stream (PI. Ill, A). It flows 
west across the northern half of the (juadrangle in a course which 
its name describes. From Shelocta to Southbcnd, a village located 
almost in the center of the (lumlmnglc, the stream flows through an 
open valley; but from Southbend to the western l>ord(^r it cuts a 
good-sized gorge, making steep rocky bluffs, in some places over 250 
feet high. 

The north and south branches of Plum C'reek flow from the north- 
east and unite to form a stream which is increased by the waters of 
Dut^h Run, and joins Crooked Oeek about a mile above Idaho. 
Cherry Run collects its waters from BurrcU, KitUmning, and Pluin 
Creek townships and enters Crooked Creek at Cochran Mills between 
banks which rise abruptly to a height of 800 to 400 feet. 
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RELATION OF TOPOGRAPHY TO MAN's ACTIVITIES. 

Of the thirty or more hamlets in the Klders liidge quadrangle, only 
a little more than half are on the banks of hitream^ in the vallev>$; the 
others are on the uplands. The reason for the loc*ation of some of 
these settlements is apparent. Cochran Mills, for instance, is at the 
confluence of two streimis, along which are main lines of travel, and is 
also the site of excellent water power. It is in a deep gorge, however, 
where there is room for only a few houses. The location of West 
I^ebanon on the top of a hill 1,8(K) feet above sea level may have 
had its origin in the opening of a 7-foot bed of coal (Pittsburg) in the 
mvines which head around the hill. The principal occupation in this 
quadmngle is agriculture and grazing. 

Roads for the most part are along the stream valleys, where the 
grade is eas\\ The longest stretches of stream-giude roads are along 
Blacklegs Creek, Crooked Creek alx)ve Girty, Plum Creek, and Cherry 
Run. Ridge' roads are common and in some cases good. The road 
from West Lebanon to Spring Church is conspicuous on the topo- 
graphic map for its directness and comparative levelness. 

Crooked Creek carries a sufficient volume of water to furnish power 
for a number of mills. It falls 130 feet from Shelocta to Cochran 
Mills, a distance of nearlv IS miles as the stream flows; this furnishes 
enough head for water power at frequent intervals. Dams have been 
built at Cochran Mills, South Bend, and Idaho to run gritttmills. 
Hhu'klegs C'reek has been danimed near its mouth, where the grade is 
so low that the stream is ponded for scmie distance. Plum Creek and 
Cherry Run also are used for water power for small mills. 

GKOIX>GY. 

STRUCTURE. 

The rocks of the Elders Ridge quadrangle are l>ent into a number of 
nearly parallel wrinkles or folds w^hich have a northeast-southwest 
trend. In describing these folds the upwaixi-bending arch is called an 
anticline and the downward-bending trough is called a S3'ncline. The 
axis of a fold is that line which at ev(»ry )K)int occupies the highest 
part of the anticline or the lowest part of the sy ncline, and from which 
the stnitu dip in an anticline or toward which they dip in a syncline. 

METHOD OF REPKESENTlNCi UEOLlMJIC STKUCrTDRE. 

There are in current use two methods of representing geologic 
structure. The first and most obvious method is by means of cross 
sections which show the various strata as they would appear if cut by 
vortical planes entirely across the ([uadningle. This method is effect- 
ive only where the dip of the rocks is pcMveptible to the eye. In the 
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Elders Ridge quadrangle the rocks dip so gently that the anticlines 
and synclines would not be very apparent o,h such sections; besides, 
the sections illustrate the structure only along; ceYJain lines and do not 
give the shape of the arches and basins, and tKeseJftrfe'.of the greatest 
importance in the commercial development of the field; as regards 
both the mining of coal and the exploitation for oil and^^,.^ -. 

The second method has been used in adjacent folios ih*'tiiVJ^itu- 
minous coal field of western Pennsylvania. It consists in the repre^jjeKi-, 
tation of the surface of some particular stratum which* is known 
through its wide exposure in outcrop, its exploitation by mines, its 
relation to some other bed above it, or the records of wells drilled for 
oil and gas. The deformed surface of the key stratum is then repre- 
sented by means of contour lines which show the form and size of the 
folds into which it has been thrown and its altitude above sea level at 
practically all points within the quadrangle. 

In this quadrangle the Upper Freeport coal bed is a widely outcrop- 
ping and well-known stratum and is used by drillers in some fields as 
a key rock in determining the position of the oil- and gas-bearing sands. 
The floor of this bed has been selected as the surface upon which to 
represent the geologic structure of the quadrangle. 

Where the Upper Freeport coal shows in natural outcrop its alti- 
tude has been determined at many points. Where it oc^curs below the 
surface its existence and position are known through the records of 
the gas wells of the region. After its altitude has been determined at 
a great many places, points of equal altitude are connected by contour 
lines; as, for example, all points having an altitude of 900 feet above 
sea level are connected by a line, which then becomes the 900-foot con- 
tour line. Similarly, all points having an altitude of 950 feet are con- 
nected by the 950-foot contour line, and in like manner contour lines 
are drawn covering the entire territory at vertical distances of 50 feet. 
These lines are printed on the economic geolog}'' map, PL I, and they 
show, first, the horizontal contour of the troughs and arches; wecond, 
the relative and also the actual dip of the beds, and third, the approxi- 
mate height of the Upper Freeport coal above sea level at any point. 

The depth of the reference stratum below the surface at any point 
is obtained by subtracting its elevation, as shown by the structure con- 
tour lines, from the elevation of the surface at the same point. Sup- 
pose, for instance, the position of the Upper Freeport coal is desired 
at Parkwood. It will be seen by the map that the elevation of the sur- 
face at the road corners is 1,325 feet, and that the 800-foot structure 
contour line passes through the place. The Upper Freeport coal, 
therefore, is here about 1,325 minus 800 feet, or alK)ut 525 feet below 
the surface. 

As a rule these structure contours are generalized, and are only 
approximately correct. They are liable to error from several condi- 
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tionH. Being ostimated on the: itssimiption that over small areas the 
rocks maintain a uniform tftickness, the position of a contour will be 
in error by the amount by which the actual thickness varies from the 
calculated thickn»?ss, -, It is well known that in some places the interval 
l>etween two easily determined strata will vary by many feet in a short 
distance.. -,Such cases make the determination of the position of the 
referenbe/stratum difficult when it lies some hundreds of feet below 
Jtlif -surface. In parts of the bituminous coal regions of Pennsylvania, 
4V)wever, records obtained in drilling for gas and oil give the changes 
in the interval, and thus control the detennination of structui*e and 
the position of the reference stratum. 

Another cause of error is that, being measured from the altitude of 
the observed outcrops, the position of the contour is uncertain to the 
degree that the altitude is approximate; while in many instances topo- 
gniphic altitudes are determined by spirit level, in most cases geologic 
observations are located by aneroid barometers. The aneroids are 
checked as frequently as possible against precise bench marks, and the 
instrumental error is prolwibly slight, but it may be appreciable. 
Finally, the o})servations of structure at the surface can be extended 
to })uried strata only in a general way. The details probably e^K^ape 
determination. These sources of error may combine or may compen- 
sate one another, but in any case it is believed that their sum is prob- 
a}>ly less than the amount of one contour interval; that is to say, the 
absolute altitude of the reference surface will not vary more than 50 
feet from that indicated in any part of this (luadmngle. Over nuich 
of the area the possi})le variation from the absolute altit-udo will not 
be more than 20 feet, and the relative altitudes for successive contours 
may be taken as a close approximation to the facts. 

DKTAILKl) (JKOLOCJId STUUCTIRK. 

The general structural features of the Elders Kidge quadrangle have 
the same southwest-northeast strike that (»hanu?t<u*izcs the whole Appa- 
lachian province. The folds in the rocks underlying this part of Indi- 
ana and Armstrong counties were recognized })y Piatt and described 
b}' him in Kcports 114: and 115 of the Pennsylvania Second Geological 
Survey. The* strongest features are three anticlines and two synclines. 
These axes are named from localities where they are strongly devel- 
oped, or from places near which they pass. The iirst of these in this 
(juadningle, taking them in the order in which they occur from east to 
west, is the Jacksonville anticline, which })asses near Lewisville and 
Jacksonville (Kent post-oiHce). The next is the Elders Kidge syn- 
cline, which brings the Pittsburg coal down so that it lies in the hills 
under several sijuare niihvs of this ttMritorv. The Roaring Run anti- 
cline parallels this syncline on the west for a short distance, but itf 
broken up in the middle of the quadiiingle. On the west of the Roaring 
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Run anticline is a basin which is not strongly developed on Crooked 
Creek, but becomes more pronounced to the north and may be known 
as the Apollo syncline. The lower end of the strong anticline which 
has been mapped across the Rural Valley (|uadrangle and is known 
there as the Greendale anticline cros.ses the northwest corner of this 
quadrangle. 

These folds and basins in the rock structure are represented on the 
economic geology map by contour lines drawn on the floor of the 
Upper Freeport coal. These lines are drawn with a vertical interval 
of 50 feet and are printed in brown. This coal, which is used as a 
reference horizon, outcrops for a number of miles on Aultmans Run 
and in the region north of Jacksonville, on Plum Creek, Dutch Run, 
Roaring Run, and Crooked Creek in disconnected stretches as the rolls 
in the structure bring it above or carry it below the Water level. The 
structure brings the coal so high al)ove water level in the northwest 
quarter of the quadrangle that it outcrops for many miles along most 
of the tributaries of Crooked Creek. 

Where the Upper Freeport coal is completely hidden beneath the 
surface, its position is calculated from higher beds in sight at the 
surface, with the assumption that intervals between mem}>ers are 
fairly constant. In a few parts of the quadrangle the depth of the 
coal below the surface is known from deep- well records. The occur- 
rence of the Pittsburg coal in the midst of the Elders Ridge syncline 
and midway between the outt^rops of the Freeport coal on Aultmans 
and Roaring runs gives good control on the position of the latt^er bed 
beneath the surface in the southern half of the quadrangle. The 
interval between these two coal beds varies from 630 to 700 feet in 
this part of the State. The accuracy of this measurement is verified 
close to the axis of this basin bv the recoi*d of a well drilled at w^ater 
level near the mouth of Blacklegs Creek and close under the outcrop 
of the Pittsburg coal. The mouth of the well is about 320 feet below 
the Pittsburg coal, and the Upper Freeport coal was found at a depth 
of 324 feet, giving a thickness of H44 feet for the Concmaugh forma- 
tion at this point. The determination of the position of the reference 
stratum throughout the entire quadrangle is believed to Xm accurate 
within a contour interval, and in those portions where the upi^er 
Freeport coal is exposed at the surface for long distances the variation 
from reality will probably be not more than 20 feet, l^sidcs repre- 
senting the depth of the reference stratum below the surface or its 
elevation above mean sea level, the contour lines show with some 
degree of accuracy the relation of the various slopes to each other 
and the approximate grades which may he expected if at any time 
mining operations are prosecuted upon this coal bed. 

Jacksonville anticlifU', — The structural fold, which is a strong fea- 
ture in the southeast corner of this quadrangle, reaches its greatest 
BulL 256-05 2 
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elevation in the vicinity of the village of Jacksonville and takes itn 
name from that place. To the south it crosses Conemaugb River 
about 2 miles east of Saltsburg and maintains a southwest course for 
some miles, gradually losing strength as it continues into Westmore- 
land County. To the north the crest of this anticline can be traced 
but a short distance beyond the boundary of this quadrangle; in fact, 
it is very inconspicuous on Curry Run and gives place to the McKee 
Run anticline, which is offset a short distance to the east. The Free- 
poil; coal on the crest of. this anticline in the vicinity of Jacksonville 
is about 1,280 feet above sea level. From here it falls rapidly to the 
west, so that the Pittsburg coal, which is stratigraphically from 6<.K) 
to 700 feet above it, is found at the same elevation above tide on the 
we^t side of the valley of Blacklegs Creek. 

Elders Ridge »y7icl!ne. — The Folders Ridge syncline was described 
and accurately located by the Second Geological Survey of Pennsyl- 
vania under the name Lisbon- West Lebanon syncline. This name, 
however, has l)een abandoned for the shorter one, which is taken from 
a small village in the center of this basin and located almost on the 
axis. The Elders Ridge syncline is traced across Indiana County 
from Plum Creek, dipping gradually to the south. Where the axis 
enters the Elders Ridge quadrangle, 3 miles east of Shelocta, the ref- 
erence stratum is i>00 feet above sea level. From here it falls gradu- 
all}'^ to a point between Elders Ridge and Big Run, where the Upper 
Freeport coal is not more than 400 feet above sea level. The axis 
rises from Big Run to the south fully 150 feet before it reaches the 
southern edge of the (|uadrangle. The ^^Iders Ridge syncline crosses 
Kiskiminitas River near Edri, and pursues a compai"atively direct 
course northeast through Elders Ridge near the academy, passes one- 
half mile west of West Lebanon, and in the valley of Gobblers Run 
turns sharply to the east, so that it lies fully a mile south of Shelocta. 
It is bv reason of this svncline that the small area of Pittsburcf coal is 
found on the hills. Westward from this axis the rocks rise more 
rapidly than to the east, and the Upper Freeport coal appears again 
on Roaring Run and Crooked Creek. From the description it will be 
seen that the Elders Ridge syncline is a canoe-shaped basin, and within 
the limits of this (juadrangle is shallow at both ends and deepens 
toward the middle. 

Dutch Run fj/itJc/int, ~-}sovth of the Elders Ridge syncline and east 
of the Roaring Run anticline in Indiana County there is a low struc- 
tural fold which has enough strength to raise the Upper Freeport coal 
just above water level along the lower courses of Dutch Run and Plum 
Creek. Tlie axis of this fold crosses the south branch of Plum Creek 
three-fourths of a mile east of the Armstrong-Indiana county line and 
(Tosses Dutch Run about the same distance west of Advance. It pur- 
sues a direct course to Plum Creek, i)aralleling Dutch Run for 3 mile^, 
and crosses the former stream a mile above its mouth. 
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This axis was called the Roaring Run anticline in the Indiana folio 
under the misapprehension, on the part of the present writer, that the 
fold extended from Plum Creek to Crooked Creek and was a part of 
the axis seen on Roaring Run. The records of a number of wells 
obtained in this territory after the Indiana folio had been completed 
showed that the axis terminates 2 miles north of Idaho. 

Although this fold is nearly parallel with the northeast portion of 
the Elders Ridge syncline and falls in line with that part of the Roaring 
Run anticline which lies south of Crooked Creek, it can not be con- 
sidered as a part or a spur of the latter fold, for the reason that the 
axis of the Dutch Run anticline plunges toward the much higher flank 
of the Roaring Run anticline. This name, Dutch Run, is taken from 
the stream which the anticline mostly follows, and is used here for the 
first time. 

There is a synclinal basin north of Elderton and Gastown which is 
not considered to be a sufficiently important feature to receive a name. 
It assumes a very irregular shape in the Rural Valle}' (luadrangle and 
is nameless there. 

Roaring Run anticlt7ie, — In the Pennsylvania Second Geological 
Survey report on Armstrong County Mr. Piatt describes an anticlinal 
axis which crosses Kiskiminitas River at the mouth of Roaring Run, 
and follows the course of that stream northeastward to Shady Plain and 
Elderton. He maintained that it was the Waynesburg (Bellevernon) 
anticline of Greene County, and described it as a continuation of the 
same, although he used the local term in his report. The present 
writer does not feel justified in correlating these axes before the 
intervening territory is mapped. This axis, as traced by the present 
writer, enters the quadrangle a little to the east of Roaring Run, 
but strikes into the stream towaid its headwaters and passes directly 
through Shady Plain. On Crooked Creek in the vicinity of Girty 
there are two axes of about equal strength, and they seem to indicate 
that the Roaring Run anticline has a slight wrinkle on its crest for a 
short distance north of Shady Plain. The anticline decreases some- 
what in height toward the north. The easternmost axis brings the 
Vanport limestone above water level about three-fourths of a mile east 
of Girty, and the westernmost crosses Crooked Creek near the neck of 
the ''Loop," and also brings the limestone to daylight. Since the 
depth of the syncline between these two axes probably is less than 50 
feet, and the Roaring Run anticline as a whole continues northward 
beyond the boundary of the quadrangle, it is not deemed necessary to 
apply a new name in Plum Creek Township, although Piatt did so, 
calling the western axis the Fagley Run anticline. The numerous 
openings on the Upper Freeport coal in this vicinity give frequent 
elevations on the reference stratum, and also the dip of the rocks, and 
from this it has been determined that* the western axis is the stronger 
in the \nghlanda between Elderton and CVieriy ^\m. M> >JcC\>a \«vo^» 
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the crest of the anticline rises again slightly, but falls off to the north 
and reaches its lowest point in the vicinity of the Say farm, 3 miles 
northwest of Elderton. The Roaring Run anticline continues a north- 
east course, and on the northern boundary of this quadrangle changes 
abruptly to a marked dome, the southern half of which is shown on 
PI. I. This dome marks the extreme northern development of this 
anticline and terminates it 2 miles north of the boundary line of this 
quadrangle and about 2 miles east of Blanco in Cowanshannock Town- 
ship. The position of the Upper Freeport coal in the northern part 
of the quadrangle, where the seam is below the surface, is determined 
by a number of deep-well records, and is probably accurate within a 
contour interval. 

Apollo syncUne, — This name is applied to a basin which is described 
by Mr. Piatt as crossing the Kiskiminitas River under the village of 
Apollo, extending northeastward across Crooked Creek at Cochran 
Mills. Although the structural feature has not been traced southward 
to prove the connection with the basin which is .seen on Kiskiminitas 
River, it is assumed that the correlation is correct and the name is 
here used. The Imsin, as it appears in this quadrangle, is seen on 
Crooked Creek and Cherrv Run a short distance east of Cochran Mills, 
deepening to the northward, so that on the north branch of (cherry 
Run the Upper Freeport coal is carried a few feet below the surface 
for more than half a mile. The Apollo syncline passes east of Whites- 
burg and pursues a direct course toward Rural Valley. In Cowan- 
shannock Township, however, this basin is very irregular, and its 
exact shape is determined with difficulty. A minor fold which raises 
the rocks probably 30 feet crosses Crooked Creek in the first bend 
below Co(;hran Mills, but apparently does not extend more than a 
short distance in either direction along the strike. This was described 
by Mr. Piatt as the Apollo anticline. 

Greendale antiduu. — The anticline which enters this quadrangle 
north of Shay with a southward plunge, but appears to terminate before 
reaching Crooked Creek, is knowh as the Greendale anticline. It 
takes its name from the village of Greendale, which is situated near the 
point where the axis crosses C^owanshaimock Creek. This axis as 
mapped in the Rural Valley ciuadranglc pursues a northerly course 
through Blanket Hill and Greendale, where its shape is irregular, par- 
ticularly along the crest. The axis after crossing Cowanshannock 
Creek swings eastward to Belknap. In the Elders Ridge quadrangle 
it lias the effect of keeping the Upper Freeport coal above water level 
for a number of miles on the north branch of Cherry Run, in Kittan- 
niug Township, and also on Elbow Run and other tributaries of 
Crooked Creek. This anticline is described by the earlier survev as 
continuing southward, but, so far as has yet been determined, it does 
not continue nmch bevond Crooked Creek. 



^^ 



GEOLOGIC SECTION IN ELDERS RIDGE, qUtiQRkttGL^ 



nomt] GEOLOGY. 21 

STRATIGRAPHY. 
CAKBONIFKKOUS SYSTEM. 

All of the rocks seen at the surface in this quadrangle belong to the 
Pennsylvanian series of the Carboniferous system. Three formations 
are present — the Allegheny, Conemaugh, and Monongahela. These are, 
respectively, the Ijower Productive, Lower Barren, and Upper Produc- 
tive measures. The Allegheny formation is exposed along Roaring Run, 
Crooked Creek, Plum Creek, Dutch Run, and Aultmans Run — a small 
portion of the whole surface. The Monongahela formation underlies a 
belt of country about 9 miles long and 3 miles wide between Kiskimi- 
nitas River and West Lebanon. The rocks underlying the remainder 
and by far the largest portion of the surface belong to the Conemaugh 
formation (PI. I). More than 1,10<) feet of stratified rocks are exposed 
at the surface in this quadrangle. They are divided among the for- 
mations as follows: Allegheny, 240; Conemaugh, 650; Monongahela, 
216. A graphic representation of the section exposed in this quad- 
rangle is given on PI. IV. 

AI.LK(}HENY FORMATION. 

The Allegheny formation extends from the base of the Brookville 
coal to the top of the Upper Freeport coal and is 300 feet thick. 

The whole formation does not reach the surface in this quadrangle, 
the lowest strata seen being the Vanport limestone. The interval from 
the top of the formation, which is the Upper Freeport coal bed, to the 
bottom of this limestone is 250 feet. It can be measured near Girtv 
on Crooked Oeek, where the limestone outcrops at water level and the 
coal is opened in the hills north of the creek. It is impossible to 
measure a detailed section of this fonnation at any one place. Meas- 
urements of different local exposures accurately joined together in 
their regular order of superposition give the section which follows. 
It represents theaverage condition of the upper part of the Allegheny 
formation as exposed in this quadrangle. 

Partial xertion of Alleifhnui formation. 

Feet. 

Upper Freeport coal 4 

Shale .. 8 

limestone 3 

Sandstone 4 

Shale 5 

Fire clay 8 

Sandstone and nhale 1^0 

Lower Free|K)rt coal 2 

Shale and sandstone 18 

Freeport sandstone 25 

Upper Kittanning coiil 1 
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Foet 

Sandstoue and shale 70 

Sandstone 25 

Lower Kittaiining (^oal 3 

Fire clay 8 

Shale, iron noiiules, and sandstone 22 

Vanport limestone 10 

Total 246 

Ymiport Ihrnstouf*. — A widely known limestone occurring in the 
lower portion of the Allegheny formation is the lowest member which 
outcrops in this quadrangle. It is commonly called the *' Ferriferous" 
limestone, but the name *' Vanpoiii limestone" has been recently revived 
for it and will bo used here. Vanport is a village on Ohio River, 3 
miles l)elow Beaver, where the limestone is well exposed. At water 
level on Crooked Creek, east of Girty, and around the"IjOop,"2 
miles west of the hamlet, the Vanport limestone is exposed. It shows 
S to 10 feet of solid limojtone, dark bluish gray on the fresh-broken 
surface, but revealing a large number of white fossils (mostly crinoid 
stems) on the weathered surface. It is compact, rather coarse, and 
very brittle. The richly fossiliferous weathered surface is a distin- 
guishing feature. The exposed edge often has a pitted appearance, 
due to irregular weathering along bedding planes. Above the lime- 
stone is 22 feet of sandstones and shales, the upper layers containing 
iron-ore nodules. This horizon is overlain by 8 feet of fire clay, often 
of poor quality, which underlies the Lower Kittanning coal bed. 

Lowet* Kittanntng coal, — This coal lies at varying intervals above the 
Vanport limestone. In different parts of western Pennsylvania the 
interval may vaiy from 5 to 45 feet, but the occurrence of the coal is 
very constant. The outcrop line of the coal in this quadrangle would 
vary but little from that of the Vanport limestone as shown on the 
map, because the coal is only 30 feet above it. The coal is at the sur- 
face for onlv short distances on Crooked Creek. The thickness of the 
bed in Armstrong County is al>out 3 feet 6 inches, but it varies in 
different localities. At the '"Loop" it is overlain by 25 feet of sand- 
stone. Above this sandstone, whose massive character is not persist- 
ent, is an interval of 70 feet or more, in which CK*cur sandstone and 
shale. The presenile of the Middle Kittanning coal has not been recog- 
nized in this region. Its place is in the midst of these shales and about 
()0 feet above the Lower Kittanning coal. Some of the sandstone a 
few feet above the Lower Kittanning coal is so tine grained, even, and 
thin bedded that it has been quarried for paving and tombstones. 

Upper Kittanning roal, — This Iwd caps the series of soft rocks and 
is usually i)resent at its proper horizon. It has a thickness of scarcely 
more than a foot, and is therefore of little value. A few inches or 
feet of shales separate it from the Freeport sandstone, which in this 
rogion has a thickness of 25 feet. It is often massive, coarse grained, 
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and mottled with iron stains, but in places becomes sbaly. A typical 
section of this sandstone in its massive condition and of the underlying 
Upper Kittanning coal with the Johnstown limestone is seen at Coch- 
ran Mills, in the bluif opposite the mill, and also at the road corner, 
three-quarters of a mile southeast of Girty. 

A series of soft rocks composed of clay shales and sandstones over- 
lies the Freeport sandstone. The members are thin and interstratified, 
so that the outcrop weathers rapidly and conceals itself with debris. 
This series is about 18 feet thick. 

Lower Freeport coal, — ^The outcrop of this coal is usually hidden by 
wash from above and the extent of the coal bed is concealed. It may 
be persistent, but this is not known for a fact. Its blossom and a 
few exposures seen in this quadrangle indicate that the bed is from 15 
inches to 2 feet thick. There is, however, an unusual development of 
the seam on Neal and Keeds runs, north of Jacksonville, where the 
Lower Freeport reaches a thickness of 5 feet, while the Upper Free- 
port, 60 feet above, retains its customary dimension. This occur- 
rence will be described later. A layer of black slate, usually about 
a foot thick, forms the roof of the lower coal bed. The interval 
i)etween it and the Upper Freeport coal is from 30 to 60 feet, and 
is occupied largely by shales with thin layers of sandstone. In the 
valley of Crooked Creek, below South Bend, the Butler sandstone, 
which lies between the Upper and Lower Freeport coals, is massive 
and conspicuous. It is coarse grained, gray, and forms the upjjer 
part of the bold cliff at Cochran Mills. A fire clay of varying thick- 
ness and quality overlies the shales and forms the floor of the coal 
seam which marks the top of the Allegheny formation. The fire clay 
which lies immediately below the coal is impure and calcareous, but 
that found 12 or more feet below the coal is often good, and is worked 
at Salina by the Kier Fire Brick Company. 

Upper Freeport coaL — A coal ted of workable thickness which out- 
crops in many places in this quadrangle is known as the Upper Free- 
port. Its outcrop in the hills and valleys on three sides of the terri- 
tory is long and irregular, as it is brought to light in the many side 
valleys which branch off from the main streams. This coal bed persists 
throughout a large area in western Pennsylvania and maintains a fairly 
constant thickness of 4 feet. Along Roaring Run and its branches the 
coal has been opened on almost every farm. A section measured in 
the Hilty mine a mile south of K(iuitable and on the axis of the anticline 
is as follows: 

Section on Roaring Run. 

Ft. in. 

Coal a 7 

Shale 1 

Coal 11 

Total 4 7 
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This section is an average one of the region and shows the thin parting 
shale which is ehamcteristic of tlie seam on Roaring Bun. This seam 
is thicker in the western part of the quadrangle and at the openings 
on the Grey farm near Ix)ng Run than it is elsewhere within the 
boundaries of the district. Sections measuring little more than 3 feet 
are common, and where a thickness of 5 feet or more is found the seam 
is much broken by partings, or the lower benches are so small and 
separated from the upjjer bench by so umch shale, that it does not pay 
to remove the burden in order to get the coal. 

In the valley of Crooked Creek the Upper Freeport coal is found 
always in the hills from South lV?nd westward to the Allegheny River. 
It is commonly about 8^ feet thick, contains one or more shale part- 
ings, and is never free from iron pyrites. 

CONEMAUdH FORMATION. 

The Conemaugh formation includes the rocks from the roof of the 
Upper Freeport coal to the floor of the Pittsburg coal. The Mahon- 
ing, Saltsburg, Morgantown, and Conncllsville sandstones are the 
prominent members of the formation, and their presence is often 
shown by the number of large bl(x*ks of sandstone scattered over the 
surface. All of these sandstones when well developed and massive 
have much the same api)earance. They weather grayish-white, are 
sometimes iron stiiined, vary from coarse to fine grain, and are best 
recognized by their position in the geologic section. The formation 
is composed largely of shales. These are variegated and show green, 
gray,, and red tints. There are several insignificant l^edsof limestone, 
none of which are valuable as key rocks in this quadrangle. 

The frequc^nt changes and modifications which these strata undergo 
are shown by exposures, natural and artificial, found on the highways 
and along strejim courses, the thicknc^ss and character of the members 
often c:hanging so completely in a short distance that sections only a 
few hundred feet apart may have little resemblance. 

The entire ( 'Onemaugh formation is present only in the region of 
the Pittsburg coal, between Long Run and Blacklegs Ci'eek. It fomis 
the upland of the quadrangle, except in the above-mentioned l>elt, 
when* the Monongahela formation is present. 

The thickness of the formation is over 000 feet, and yet there is 
nothing in it of particular economic interest except the massive sand- 
stones. A generaliz(»d section is as follows: 

(tt*nrrallzt'<i srrfunt of < 'ominaugh foriiKtlloii, 

Feet. 
Shalo 8 

I*itt.^l>nrg liinoHtont' 5 

Finj rlay 3 

Slml(^ 24 

( '()iineU»villo Hiin(\»Umv 30 
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Oeneralized seetion of Conemaugh fonncUian — CoDtinued. 

Feet. 

Sandstone, shale, and thin limestones 100 

Moi*gantown sandstone 20 

Shale, sandstone, and thin limestones 320 

Saltsbarg sandstone 46 

Sandy shale 40 

Mahoning sandstone 50 

Shale 5 

Total 650 

Mahoning mndstone. — The roof of the Upper Freeport coal, which 
is the bottom of the Conemaugh formation, is usually a bed of shale 
varying in thickness from nothing to 10 feet. Over this is a heavy 
bed of massive sandstone, which rests on the shale; or in places the 
shale is cut out and the sandstone rests directly on the coal. This 
sandstone, commonly called the Mahoning, has a thickness of 50 feet 
or more, and often stands out in bluffs, or strews the surface with 
large blocks. The blocks are particularly conspicuoas about Jack- 
sonville (PI. Ill, B^ p. 14), and the massive sandstone is well exposed on 
Roaring Bun and about Salina. In the northern part of the quad- 
rangle, beyond Crooked Creek, this member loses something of its 
massive character and is less conspicuous for that reason, although it 
is seen frequently between Elderton and Cherry Kun. It is recog- 
nized largely by its thickness and position immediately above the 
Upper Freeport coal, for its grayish-white cx)lor, its hardness, and 
grain are equally characteristic of other sandstones in the formation. 
In the northeast corner of the quadrangle the Mahoning sandstone 
horizon is occupied by shale. 

Saltsbiny sofid^tofi^.— The succeeding 40 feet comprise a mass of 
sandy shales, which in the Conemaugh region are overlain by a heavy 
sandstone. This rock is traceable along the southern line of the quad- 
rangle by an abundance of sandstone debris and some outcrops. It is 
known as the Saltsburg sandstone, and can be seen to the best advan- 
tage in the bluff opposite the village of that name. The top of this 
member is generally about 150 feet above the Upper Freeport coal. 
In the hills on both sides of Kiskiminitas River at Salina this member 
has a massive character, and outcrops conspicuously in the roads and 
ravines. It is also well exposed at the road forks known as ''Flat 
Rocks," on the ridge west of Long Run. Here it shows a grayish- 
white surface, but on a fresh-broken face often is iron stained. It has 
a medium coarse gniin, in places finely conglomeratic with quartz 
pebbles a half inch in diameter. The Saltsburg sandstone is thin bed- 
ded and shaly in the northern part of the quadrangle and could not 
be traced continuously. In Plum Creek Valley the Mahoning sand- 
stone seems to be but a few feet thick, and the Saltsburg horizon is 
occupied by shales. 
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Two thin coal seams are found occasionally at intervals of about 50 
and 100 feet above the base of this formation. The lower one has 
been seen 18 inches thick, but the upper one is usually 3 to 5 inches. 

From the top of the Saltsburg sandstone for 320 feet is a monoto- 
nous series of thin sandstones, shaly sandstones, and shales which 
present no conspicuous or traceable members. The interval contains 
several very thin intermittent layers of limestone. One of these, 
which is probably not far above the top of the Saltsburg, is 8 inches 
thick, black, and contains many fossils. The black shale immediately 
underlying the limestone contains even more animal remains, the most 
•numerous being an elongated spiral gasteropod of the genus Bulimorpha. 
Bellerophons also are numerous. There is a good exposure of this 
black fossiliferous limestone in the creek bank be^^ide the road three- 
quarters of a mile west of Shelocta. A green limestone about 1 foot 
thick is sometimes found near the middle of the formation, about 340 
feet above the Upper Freeport coal. It carries abundant brachiopods 
and crinoid stems, and can be seen on Walford Run li miles south- 
west from Avonmore. According to I. C. White this would be the 
Ames limestone, which he desc^ribes^ as occurring throughout Penn- 
sylvania about 275 to 300 feet below the Pittsburg coal and the same 
distance -above the Upper Freeport coal, increasing in places to 350 
feet. The position of this limestone also agrees with White's section'' 
in Beaver County, south of Ohio River. In his section of the Lower 
Barren measures in Armstrong County^ Piatt places the green Fossil- 
iferous limestone, which is another name for the Ames limestone, 212 
feet below the Pittsburg coal. Some thin limestone was noted at this 
horizon by the writer, but not recognized as described. Furthermore, 
Piatt's section is 100 feet shorter than the thickness of the formation 
determined in this quadrangle. Whether either of these limestones 
can be correlated with the type is an open question. 

Margaiitawn Handmtoiw, —It is difficult to recognize the Morgantown 
sandstone in this quadrangle because of its thin-bedded shaly character. 
Its position seems to be a little less than 200 feet below the Pittsburg 
coal. The bed was named from the city of Morgantown, W. Va., 
where it is well exposed and extensively quarried. The Morgantown 
sandstone is often underlain by red shales and is overlain by 50 feet of 
variegjited shales which sometimes contain three thin beds of limestone. 
The horizon of these limestones is approximately 150 feet below the 
Pittsburg coal, and this part of the section is well exposed and can be 
measured in the west blutf of Kiskiminitas River half way between 
Edri and the mouth of Blacklegs Creek. 

VonnellHvUU mmUtone. — There is generally present in this quad- 
rangle, at a distance of 40 feet below the Pittsburg coal, a coarse sand- 

«« Bull. U. S. Gt'ol. Survey No. (V». 

''Second (ick»1 Survey of I'enusylvaniu. Kept. K, p. JUM. 

^-PiaCt, W. G., Second Geol. Survey ol Veu\wY\\aw\«i, B.%v^. ^f>, V* ^ 
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stone which has received its name from the city of Connellsville, where 
it outcrops conspicuously. The bed is usually 30 feet thick. It is mass- 
ive or slightly shaly, and underlain by red shales and shaly sandstone. 
The Connellsville in its massive condition is a grayish quartzose sand- 
stone, sometimes iron stained, and in no way different from other sand- 
stones in the formation. It is recognized solely by its geologic position. 
It lies so near the Pittsburg coal that its importance as a key rock is 
overshadowed by the coal, which is better known in its outcrop and in 
its underground extension than any other member of the series. 

Pitt^rg limestone, — A limestone, which is separated from the Pitts- 
burg coal by a few feet of shale, outcrops at a number of places in the 
southern half of this quadrangle. It can be seen on several roads with- 
in a mile or two of Olivet. The limestone is about 5 feet thick and 
moderately pure. It is generally compact, moderately heavy-bedded, 
and brittle. The weathered surface is light colored, but on a fresh 
fracture it shows bluish gray seamed with bluish black. 

MONONGAHELA FORMATION. 

The Monongahela formation consists for the most part of shale, sand- 
stone, and limestone. The Pittsburg coal, the most important seam in 
the region, is found at the base and other less important beds above. 
The usual thickness of the Monongahela formation is about 375 feet, 
extending from the Pittsburg coal at the base to the Waynesburg coal 
at the top. About 216 feet of the formation is present in this quad- 
rangle, the upper portion having been removed by the general degra- 
dation of the land surface. The average thickness of the rocks above 
the Pittsburg coal is about 100 feet in this region; the 200-foot inter- 
vals occur but rarely. The area to which the Monongahela formation 
is confined in this quadrangle is about 12 miles long by 3 miles wide. 
Its limits are defined on the north by Gobblers Run, on the east by 
Blacklegs Creek, on the south by the quadrangle boundary, and on 
the west by Long Run (PI. I). 

The highest rocks in this quadrangle, in a geologic sense, are 
found in the vicinity of Elders Ridge and West Lebanon, where the 
Benwood limestone caps seveml hills in the basin of the Elders Ridge 
syncline. 

A geologic section for this region must be generalized and the result 
of compilation of measurements from several localities. The follow- 
ing gives an idea of the sequence of rocks exposed in the basin, but 
does not indicate the frequent variations which occur: 

Partial section of Mmwngah el a formation. 

Feot. 

Benwood limeslone 25 

Sandstone 7 

Sandy etiale, sandstone, and limestone 7G 

Sewickley coal 2 
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Feet. 
Shale 12 

Limestone ^ 6 

Shale 15 

Sandstone 5 

Shale 25 

Redstone coal 1 

Sandstone 30 

Shale 5 

Pitt»burg coal 7 

Total 216 

PUtnimrg coaL — The basal ineml>er of the Monongahela formation id 
the Pittsburg coal. The Iwd has hundreds of miles of outcrop in 
western Pennsylvania, and is well and favorably known for its coking 
and steaming qualities. It is usually from 7 to 10 feet thick, with 
thin shale paitings, and can h^ traced easily by the numerous springs, 
coal blooms, and openings on the outcrop and by the broad bench on 
the slopes over which it runs. 

The Pittsburg seam reaches its most northern development in this 
quadrangle (fig. 3, p. 43). It exists in three irregular areas of nearly 
equal size which lie along the Armstrong-Iadiana county line. The 
boundaries of the c^oal area are the same as those of the Monongahehi 
formation. It does not extend east of Blacklegs Creek or west of Liong 
Run, and the most northern occurrence is in the hills just north of 
West Lebanon. On the south side of the river, in Westmoreland 
County, the coal has a more extensive development, only a small area 
of which is included in this quadmngle. The deep ravines, which cut 
entirely through the (;oal seam and divide the belt into separate areas, 
together with notches made on all sides by small streams, furnish 
long and irregular linos of outcrop and ready access to the coal in the 
Imsin. The bed dips gently from all directions toward the lowest 
point on the synclinal axis, which is f>etween Elders Ridge and Big 
Run. 

The coal is about 300 feet above the river at Ilicksville and 200 feet 
above Clarksburg on Blacklegs Creek. It lies beneath the villages of 
Elders Ridge and West Ijclwinon. The dip of the bed and its elevation 
above the river are favorable to mining and transportation. The 
shales forming the roof of the Pittsburg coal vary in thickness from 
1 to 8 feet and are overlain bv sandstone. 

PitiHljurg Hinulstimr, The sandstone which begins a few feet aliove 
the Pitts]>urg coal is known by the same name. It is 30 to 40 feet 
thick near the river and forms cliffs in the hilltops overlooking Avon- 
more. It^ character is generally massive and the bowlders that break 
off from the outcrop are large. Toward the noi'theast this massive- 
ness becomes less pronounced and the thickness decreases. South of 
Olivot it is current bedded, making it suita})le for flagging. The sand- 
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stone, which is directly above the Pittsburg coal near West Lebanon, 
is only 25 feet thick and so thin bedded that it weathers off into thin, 
soft fragments. This extreme variation from massive and compact 
to loose and shaly carries with it a change from quartzose to clayey 
an A from gray to dark colored. 

Redstone coal. — There is a small seam of coal above the Pittsburg 
sandstone, separated from it by a bed of clay, but it is not thick 
enough to be worked. In fact the bed scarcely more than shows itself 
in the most favorable exposures. It is reported a» being present and 
nearly 3 feet thick in the vicinity of Elders Kidgc. This thickness 
probably is made up largely of shale partings. In the southern part 
of the field near Kiskiminitas River it seems to be absent. 

A1>ove the Redstone coal for 45 feet the rocks are shale with some 
thin sandstones and arenaceous shales so soft that they weather deeply. 
A limestone which averages 6 feet thick o<*curs at the top of this 
interval. It is fossiliferous, fairly pure, sometimes has a brownish 
cast, and is easily calcined. It is exposed in the bluff on the river 
and has been opened in a ravine at Olivet. So far as known it has not 
been explored elsewhere and its ex]:>osures are few. The name com- 
monly given to this member of the formation is Sewickley limestone. 

Seunckley coal, — The extent of this coal throughout the basin is much 
less than that of the Pittsburg, for it is 100 feet higher in the hills. 
It has a thickness of 2 to 5 feet and is found frequently with strong 
bloom, showing a persistence in its occurrence. So long as the Pitts- 
burg coal bed is near by, this coal seam can not l)e worked with profit, 
and it is not mined at present within the boundaries of the quadrangle. 
This coal shows at the extreme hilltops in the northern bluffs below 
Hicksville and is seen frequently in the roadside ditches near Elders 
Ridge. Above the Sewickley coal is an interval of about 80 feet which 
consists mainly of argillaceous shale. These rocks weather easily and 
produce good soil. 

Bemoood liwest^yite, — This bed is found only on Elders Ridge, and 
only the lower part of the member is here present. It consists of 
several layers of limestone separated by variable intervals of shales, 
in all about 25 feet. The limestone is grayish in color, smooth and 
compact, and nonfossiliferous. It has been burned for making fertil- 
izer and found excellent for that use, as it makes a strong lime and is 
eas}^ of access. No stripping is reciuired in order to quarry it, because 
all the limestone lies in the very crown of the highest knolls in the 
middle of the basin. Where the bed is present abundant fragments 
of gray limestone are usually spread over the ground. 

QUATERNARY SYSTEM. 

CannichdeU clay, — Deposits of gravel, sand, and clay are found at 
a* number of places high above the present flood plains of Kiskiminitas 
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River and Crooked Creek within the boundaries of this quadrangle. 
The presence of water-laid deposits, rounded pebbles, and stratified 
sands at an elevation of 100 feet or more above the streams is a feature 
of the geology in many valleys in this part of the State. These sands 
and clays were laid down as alluvial deposits on valley floors which 
have subsequently been dissected. 

The occurrence of these terrace deposits and their elevation above 
the present streams is shown on the economic geology map (PL I). 
In the vicinity of Shelocta the terrace deposits are only a few tcet 
above the reach of the highest floods on Crooked Creek and the slopes 
away from the stream are so gentle that it is diflScult to determine 
where the recent alluvium stops and the terrace deposits begin. In 
fact it is quite probable that the gravels and sands of the older river 
stages have washed down upon and merge with the present flood-plain 
deposits. On the same stream below Girty well-rounded pebbles and 
river silts have been found in a number of places at an elevation of 
100 feet or more above the creek. Bai;k of the village of Avonmore 
on Kiskiminitas River there are well-developed terrace deposits at an 
elevation of 80 feet above the river, and also on the broad upland 
above the village 100 feet higher than the first bench, at an elevation 
of about 1,000 feet above tide. The character of the deposits as 
shown in street cuttings in the southeaatem part of the village and 
in tilled land on the upper flat is interstratified gravel, sand, and clay. 
These were laid down during the periods of no crustal movement in 
which the valley floors were broadened. 

Alluvium. — The activity with which the streams are deepening their 
channels interferes with the development of extensive flood plains. 
Where these recent river deposits have accumulated to some extent 
they are represented on the geologic map. Alluvium consists of sand, 
clay, and silt, the disintegrated rock particles which have been washed 
down from the hillsides and deposited in their present position in time 
of liigh water. Kiskiminitas River, where it crosses the southwest 
corner of this quadrangle, has a flood plain above Edri, but below 
that point is confined within steep banks on one or both sides. Oppo- 
site Avonmore and below Salina the side walls are precipitous and 
rocky and no alluvium is deposited. 

Blacklegs Creek has built a narrow flood plain along several miles 
of its course. It is nowhere more than a few hundred vards wide, 
and is only a minor feature of the geology. Cherry Run has no allu- 
viimi broad enough to be represented on the map, and Aultmans Run 
shows only a small amount. 

Crooked Creek is in a narrow gorge below Girty, but has some wide 
flood plains along its course east of that village and on its tributaries. 
Plum Creek, in pirticular, has a broad, flat, valley bottom, and is con- 
spicuous on the maps for its wide floor. Dutch Run, which empties 
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into Plum Creek, also has a flood plain broad enough to be repre- 
sented on the map along several miles of its course. 

These alluvial deposits often afford good soil, and are extensively 
cultivated in those places where danger from floods is not too great. 
The fine character of the material and levelness of the surface make 
them easy to till, and where this is not done the flood plains make 
good pastures. 

MIKERAIi RESOURCES. 
COAL. 

Coal is the most impoilant of the mineral resources of the Elders 
Ridge quadrangle. Two beds of workable thickness are extensively 
exposed. These are the Upper Freeport and the Pittsburg. A third 
bed, the Lower Freeport, which is usually thin, has a local importance 
in some places where it thickens considerably. Several other beds too 
thin to be of economic importance are present. These coals are in the 
Allegheny and Monongahela formations, and lie between the Vanport 
and Benwood limestones. Although eight or nine seams occur in this 
interval, it must not be assumed that they are everywhere present or are 
always of the same thickness. The generalized sections so often pub- 
lished are meant to show only their relative positions. It should be 
understood that these beds vary in position with relation to other beds 
and that their thicknesses are not constant. The description will begin 
with the lowest coal exposed in the area and end with the highest. 
No mention will be made of the Gallitzin and Redstone coals, which 
are mere streaks where seen and undoubtedly are small throughout 
the quadrangle. 

It may be well here to define certain terms in common use. An 
opening is a small excavation which reveals the coal in place and the . 
thickness of the bed. A coal bank is a small mine in which a few men, 
from 1 to 10, are employed, and in which the coal is mined and 
brought out to the scaffold without the use of machinery. A coal 
mine employs enough men to require a mine boss, probably uses 
machines for undercutting the coal, and hauls by means other than 
hand. Qoalpit is a term applied without discrimination to openings, 
banks, and mines. 

LOWER KITTANNING COAL. 

The horizon of the Lower Kittanning coal is seen above water level 
on Crooked Creek for some distance between South Bend and Cochran 
Mills. It is in no place more than 50 or 60 feet above the stream and 
its outcrop line coincides closely with that of the Vanport limestone 
shown on PL I, because both are in the deep gorge of the creek. • 
This is the only place where this coal is seen in the Elders Ridge 
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quadrangle. It is not being worked anywhere on the creek at present 
and never has been mined to more tlian a very small extent. It had 
been opened previous to the Second Geological Survey of Pennsyl- 
vania, and the reports of the Survey state that the coal averaged about 
3 feet where seen at the old salt works below the ''Loop" (tig. 2, A), 
A section measured by the writer in a small ravine two-thirds of a 
mile below the "Loop^' is as follows: 

i:kcti<m uii (brooked (Jreek below (rirty. 

Ft in. 

Sandstone 10 

Lower Kittanning coal 2 7 

Clay : 6 

Sandy shale 30 

Vanport limestone 1 » 8 

Creek level 

This coal was also mined at one time near the bridge at Girty. 
It is highly pyritous, and is so much broken by parting slates that the 
seam is nearly worthless for practical purposes. In a detailed section 
measured by the Second Geological Survey of Pennsylvania the bed is 
subdivided (fig. 2, B): 

Seiinm of Lower Kittanning atal at Oirty. 

Ft. In.. 
Slaty clay 

Coal.../. 6i 

Slate 1 

Coal 1 6 

Slate } 

Coal 3 

Total 2 5 

MIDDLE KITTANNING COAL. 

If this coal bed is present in the Elders Kidge quadrangle it can out- 
crop only in the region described for the Upper Kittanning coal. Its 
blossom was nowhere recognized, and it is presumed that the bed is 
extremely thin. The report of the Second Survey gives it a thickness 
of 6 inches. 

UPPER KITTANNING tX)AL. 

This coal bed also is seen only in the valley of Crooked Creek below 
South Bend. It is nowhere of practical importance, although it was 
at one time developed to a small extent at the mouth of Cherry Run for 
household use. The first occurrence of this coal noted in going down- 
stream is a blossom in the highway at the mouth of Sugar Run. The 
bed appears to be about a foot thick at this point and is underlain by 
Johnstown cement limestone. The coal has been stripped farther up 
Sugar Run from the bed of the stream, and is reported to be 2 feet 
thick. At Cochran Mills the Upper Kittanning coal has been opened 
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at the hhiflf on Crooked ('reek and at the mouth of Ohorry Kun oppo- 
site Mr. Kinnard'tt houHe. There nre al^o seveiiil old openings on 
Cherry Run along which the cohI outcrops for .some distance. The 
bed \n uhout 2 feet thick (fig. '^, O) in thi.s locality, and \va.s mined 
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because its location wm more fonvcnicnt than Diat of the Upper Free- 
port coal, which is in tlie top of the bhitf. A section nn^Hured at 
Cochran Mills is a-s follows: 

.Mf(i.«. ..* I. ■o.-hmi, Milllt. 

Freeport mmlrtone 4-5 

Sandy shales 30 

Upper Kittanning coal 2 

Fire clay (impure) 2 

Johniitown cement limartone S 

Clay and shalex 5 

Slatw, dark M 

Cnwk level 

Total 107 

Ball. 
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Farther down Crooked Creek the thickness of this seam diminishes 
to a mere streak, and its blossom is seen very infrequently. It is 
nowhere of practical importance in this region. 

IX)WER FREEPORT COAL. 

Whether this seam is present throughout the Elders Ridge quad- 
rangle is questionable. The horizon is well exposed in the ravine at 
Cochran Mills, but no trace of the coal was seen there, and in faiit it 
was not recognized more than two or three times in the valley of 
Crooked Creek. A small coal blossom was seen on the township road 
1 mile east of Girty at the end of Mr. l^rr's lane, and in a small 
ravine south of the " Loop'" on Crooked Creek another exposure was 
seen in which the coal is reported to be about 18 inches thick. On 
Hornycamp Run, which is 1 mile south of Elbow Run, a 10-inch coal, 
iK^lieved to be the Lower Freeport, shows at the roadside south of the 
schoolhouse (tig. 2, D). It is couunonly reported at Rockville that 
there is a coal bed a few feet below the surface of the run, and two or 
three wells which have been drilled at water level have found coal at a 
depth of 15 or 20 feet. If this Ls the case, it is probably the Lower 
Freeport seam, and although the drillers say that it is several feet 
thick their statement has not been proved. It is probable that the 
seam will not measure more than 2 feet thick wherever it is found in 
this part of the quadrangle. 

In the vicinity of Jacksonville, Conemaugh Township, the Jack- 
sonville anticline raises the Allegheny formation high above water 
level, so that the horizon of the Lower Freeport coal is exposed for 
a number of miles. The coal is not more than 20 inches thick on Reeds 
Run, and it is probably less than 2 feet thick at the head of Neal Run. 
The bed has been opened on the eust hillside three-fourths of a mile 
north of Jacksonville and foimd to be only 2 feet thick (tig. 2, H). This 
is probably the normal occurrence for this part of the county. Near 
the mouth of Neal Run, however, the Ijower Freeport has an unusual 
development. It is mined n(»ar the schoolhouse 2 miles north of Jack- 
sonville by Mr. Clark Neal and Mr. William H. Martin. In both 
th(\*<(* banks, which are nearly opposite each other on the same run, 
the Lower Freeport coal niejtsures 5 feet 2 inches (fig. 2, I**). The 
bed is very even and does not carry a large per cent of sulphur, but is 
considera})lv intermixed with thin bands of e^rthv material which in 
places gives it a lar^e ])er(MMitage of ash. It is the presence of this 
impurity that gives it it^s great tirmness, causing it to come from the 
mine in large blocks. The coal has a dull luster generally, but shows 
numerous })right pitchy bands. The lower bench, which is 20 inches 
tliick, is harder than the rest. It is overlain by 8 inches of a softer 
coal which is excellent for blacksmithing pui^poses. Mr. Neal pro- 
duces from 20,000 to 30,00<J bushels annually, and Mr. Martin from 
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10,000 to 15,000 annually. The coal has been mined on this run con- 
tinuously for nearlj'^ sixt}^ years. In the first hollow south of Neal 
Run the same bed has been mined on the Marshall farm close to the 
axis of the Jacksonville anticline, the seam measuring 4 feet 6 inches 
thick. 

It is believed by some people in the vicinity that the Lower Free- 
port seam maintains a thickness of from 4 to 5 feet throughout a 
considerable, area in this part of Indiana County, but this is readilj^ 
disproved by an examination of the outcrops in the immediate vicinity 
of the coal banks above mentioned. It is possible that the bed attains 
the same thickness at other points where it is hidden beneath the sur- 
face, but it is quite certain that the development on Neal Run is very 
local, and will extend less than a mile in any direction. 

A coal reported to be 5 feet thick in the Stahl well (261) is at the 
proper horizon for the Lower Free[>ort. It is a churn-drill measure- 
ment, however, and therefore unreliable. The bed is not known on 
Conemaugh River a few miles south of this well. 

An average specimen of this coal, analyzed by Mr. A. S. McCreath 
for the Second Geological Survej^ of Pennsylvania (Rept. IIHHH, p. 
251), is as follows: 

Analysis of Lover Freeport coal on. Neal Run. 

Per cent. 

Fixed carbon 55.380 

Volatile matter 28. 505 

Moisture 1.010 

Ash 14. 4a5 

Sulphur 700 

Total 100.000 

Coke 70. 485 

An analysis made from a sample of this coal, collected by the writer 
at the Clark Neal bank and analyzed by Mr. W. T. Schaller of the 
United States Geological Survey, is as follows: 

Analysis of Lower FreejHrrt coal on Seal Ruh, 

Per wnt. 

Fixed carbon (W. 50 

Volatile matter 29. 17 

Moisture 1 . 52 

Aflh 8.81 

Sulphur 1 . 69 

Color of aah, white. It is a goo<i coking coal. 

UPPER FREEPORT COAL. 

The "four-foot coal," as it is called, has an extensive exposure in 
this quadrangle. Its outcrop is to be found in all four corners and 
well in toward the middle of the area. By far the longest line of out- 
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crop is in the northwest quarter of the quadrangle, where the coal is 
alx)ve water level on every tributary of Crooked Creek. The average 
thickness of the bed is probably a little under 4 feet, and the coal is 
everywhere somewhat slaty and sulphurous. The areas in which 
the coal outcrops are so detaxrhed that they may well be described 
separatel3^ 

Southeast quarter. — The Upper Freeport coal is brought to the sur- 
face in the southeast corner of the quadrangle by the Jacksonville 
anticline. The axis of this fold in the geologic structure crosses 
Conemaugh River half way between Saltsburg and Tunnelton with a 
strong northeast trend. It turns northward near Lewisville and 
passes 1 mile \vest of Jacksonville, pursuing a course nearly parallel 
with Reeds Run, and disappearing soon after entering the Indiana 
quadrangle near Tannery. The coal is exposed along the w^hole length 
of Coal Run, and on Aultmans Run northwaixi from the mouth of 
Coal Run to the headwaters of Neal and Reeds runs. The bed has 
been oi)ened at short intervals north and south of Jacksonville and 
shows a thickness ranging from 3 feet t> inches to 4 feet 7 inches. An 
average thickness for the coal in this vicinity is 4 feet, the typical 
section, measured on Coal Run by the Second Survey," being as fol- 
lows (fig. 2, 6^): 

Section at Kcmu^di/'s mine on (hal Run. 

Ft. in. 

Coal 3 2 

Bony coal and Hlate 3 

Coal 6 

Total 3 11 

In an opening at the western head of Coal Run the bed was seen 4 
feet 7 inches thick, while on the northern branch of the same stream 
near the road forks, 1 mile due west from Jacksonville, the coal seen 
in a new test pit measured 8 feet inches. On Aultmans Run the l)ed 
is 4 feet thick on the following farms: McKee, Fails, Jacks, Means, 
McFarland, Evans, and Mclntyre. It measures 8 feet 11 inches on 
the Clawson farm and at a point 2 miles northeast of Jiicksonville on 
a tri))utary of Aultmans Run; H feet lo inches at (jeorge Dickey's; 
and 3 feet 10 inches to 4 feet in the A. \V. Robinson bank and the 
abandoned workings near the head of Reeds Run. Near the mouth of 
Reeds Run, where the Lower Freeport coal has an unusual develop- 
ment, the Upper Freeport, 60 feet above it, is from 4 feet to 4 feet 3 
inches thick. 

The Upper Fn^eport coal with its underlying limestone is also 
exposed for more than a mile at the upper end of Marshall Run, in 
which distance it rises 170 feet on the flank of the Jacksonville anti- 

a Second Gcol. Survey of Pennsylvania, Ropt HHHH, p. 248. 
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cline. There are a number of openings on the coal in this ravine, but 
they were so badly caved that no measurements of the coal could be 
made. 

It is known that the Upper Freeport coal is thin in the southern cen- 
tral part of Young Township, where it lies deep below the surface. 

Smithwest quarter. — The Elders Ridge synclinc carries the Upper 
Freeport coal several hundred feet below the surface. Well records 
show that at the mouth of Blacklegs Creek it is 820 feet and at the 
mouth of Ijong Run 250 feet below water level. If the interval between 
the Pittsburg and Upper Freeport coals remains the same as on the 
riy^r, the latter coal should be alx)ut 8(H) feet below the village of 
Elders Ridge. 

The Roaring Run anticline brings the Allegheny formation to the 
surface again on the western side of the quadrangle. The ITpper Free- 
port coal appears in the Kiskiminitas River at Salina with a thickness 
of 3 feet 10 inches, but at a point less than a mile downstream it is 
seen 130 feet above the water, and 4 feet 5 inches thick. 

In the valley of Roaring Run the bed has a thickness of 4 feet (fig. 
2, //), which it maintains with great persistency. It carries a small 
parting, which usually is not more than 1 inch thi(?k. The outcrop 
extends to the head of the run near Shad}'^ Plain and shows numerous 
openings along the entire length of the stream in this quadrangle. 
Many of these were abandoned, however, bec^iuse the coal dips into 
the hills on both sides of the \ alley and is difficult to drain. 

In the bank on the Hilty Brothers' farm, near the mouth of a small 
run three-fourths of a mile south of Equitable, the bed is 4 feet 5 
inches thick at the entrance, but diminishes to a little less than 4 feet at 
the breasts farther up on the anticline. In one or two banks on the 
west side of the run the coal was seen 3 feet 10 inches thick, and it is 
reported to l>e a little over 4 feet thick in the pits near the head of the 
run, but these have been abandoned and the statement could not be 
verified. An abundance of natural gas in this region ma}" account in 
part for the abandonment of some of the coal pits. 

There is a very limited outcrop of the Upper Freeport coal in a small 
ravine on the (Trey farm 1 mile northwest of Long Run. The stream 
has cut into the flank of the Roaring Run anticline just deep enough to 
revejil the coal for a few rods. The dip is nearlj^ (> degrees and car- 
ries the bed luider water level before rea(.*hing the mouth of the little 
branch. Up the ravine it disappears under the hill no less (iuickl3\ 
Two sections are given, the first of which was meiisured b}- the writer 
at the lowest opening, and the second was published by the Second Sur- 
vey in the report on Armstrong County.'' (PL V, J, /?.) 

tSiToiul Geol. Survey of I'i'iuisylviinia, Ropt. 115, p. :«. 
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SedioiiJi on Grey farm. 



(;oal 



Partinp ())ony coal) 

Coal 

Parting 

Coal 



Total 



Section 1. 


Section 2. 


Fl. in. 


Ft. in. 


1 3 




i 2 


3 


10 


3 3 


1 3 


2 4 


3 8 


2 


i 7 2 


7 10 



The arraiigenient in tlie .sections given above is not intended to rep- 
resent correlations. It is possible that the lowest coal bench is the 
same and that the heavy parting above it ma}' be correlated, but it does 
not seem probable that the middle coal in the first section represents 
the heavy bench in the second section. It is more likely that the 2- 
inch parting in th(» first section did not occur in the opening where the 
second section wjts measured and that the upper and middle benches 
of coal, with this thin parting — in all, '2 feet 3 inches thick — are to be 
correlated with the 3 foot 8 inch bench. The thickness of the main 
parting makes recovery of all the coal expensive by reason of the 
large amount of waste which must l)e handled. 

yorthea^f tjuartrr, — On the South Bmnch of Plum Creek the Upper 
Freeport coal is exposed just above water level for 3 miles by the 
uplift of the Dutch Run anticline. One mile of this outcrop is on 
the Elders Kidge (piadrangle and the other two extend up to Willet, 
on the Indiana (juadrangle. The coal on this stream measures from 
2 feet 10 inches to 3 feet (> inches in thickness. The following sei-^tion 
shows the condition of the IxkI in the Parke and Trusal mines on Sugar- 
camp liun, 2 miles eiist of the boundary of this quadrangle, and so 
closely resembles the section in the Marlin bank at Willet, published 
by the Second Survey, tlint it may be considered fairly t^'pical for the 
occurrence in this corner of the tiuadrangle (PI. V, C)\ 

St:ct'nm DH Sugarrajnjf Rvn. 

Ft. in. 

Coal 3 

Shale 1 

Coal 4 

Total 3 5 

A sample from the upper or main bench of the bed in the Marlin 
pit was analyzed by Mr. McCreath," with the following results: 

'« MfCrcath. A. K.. Soojiid (Jeol. Survry of IVnnsylvania, Kept. HHHH, p. 281. 
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Analysis of Upper Freef)ort coal on Sugurcamp Run. 

Per cent. 

Fixed carbon 60.736 

Volatile matter 31.890 

Moisture 1.100 

Ash 4.995 

Sulphur 1.279 

Total 100.000 

CV)ke : 67.01 

The Upper Freeport coal is also exposed for li miles on Dutch Run, 
and on Plum Creek to its mouth, with an average thickness of little 
more than 3 feet. There is a coal bank on the Ramsey farm on Dutch 
Run which is operated by Mr. Jacob Miller. The bed varies in thick- 
ness from 2 feet 9 inches to 3 feet 1 inch, including one half-inch ]K)n>' 
parting about 6 inches from the floor (PL V, />). It is reported that 
the coal is 4 feet thick in some parts of the old workings. In the 
winter of 1902-3 the bank was operated by three men from fall to 
spring, and from 25,000 to 28,000 bushels of coal were sold at 4 cents 
a bushel on the scaffold. 

The coal pits on Plum Creek below Elderton are mostly closed. The 
most extensive mining seems to have l>een done on the Clark and Ral- 
ston farms, where there are several old pits near each other. In a 
coal bank at the bend on Crooked Creek, a half mile above the mouth 
of Plum Creek, the bed wius seen 2 feet G inches thick. The coal is 
carried below water level at this point by the Elders Ridge syncline 
and reappears 8 or 9 miles east of here at Chambersville on Crooked 
Creek and at Ernest on McKee Run. 

The horizon of the Upper Freeport is just al)ovc water level at the 
big bend of Crooked Creek, a half mile below Idaho, and several open- 
ings were once made on the coal at the base of a conical hiH which 
stands between the present and the former course of the creek. The 
thickness of the coal or the extent of the workings could not be deter- 
mined because the pits had all fallen in. 

Northwest quarter. — The Upper Freeport coal is widely exposed in 
this quarter of the quadrangle. It is raised above water level a half 
mile below South Bend by the Roaring Run anticline and continues in 
sight to Alleghen}^ River. The elevation of the formation is suffi- 
cient to carry the outcrop of the coal up the tributaries of the creek 
for long distances. In the vicinity of Girty, on the north side of 
Crooked Creek, the bed measures from 3 feet 4 inches to 3 feet 6 
inches in a number of banks. On Fagley Run, in the (xeorge Altn.an 
bank (PI. VI, A)^ the coal is 3 feet 10 inches thick with i-inch bcar- 
ing-in slate 8 inches above the floor (PI. V, E), At the present breast, 
which is 500 feet from the entry, the face is 3 feet 7 inches high. 
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On the south side of Crooked Creek there is an area near Girtv in 
which the TpiMM* Free|>ort coal is thinner than usual. On Barrel Val- 
ley Kun, which has its mouth just atove Girty, the bed is reported to 
be 2 f(*ct ♦) inches thick on the Watson and Painter farms. In a little 
pit back of the schoolhouso and church on this run 1^ miles south of 
Girty the followinij: section was measured (PI. V, H): 

^Section south of Girlu. 

Ft, In. 

Coal 2 

Shale 1 

Coal 1 2 

Shale 2 

^Coal 8 

Total 2 3 

This condition seems to be local, however, for the coal is Si feet 
thick on the Marshall farm 1 mile northeast of Shady Plain, and 4 feet 
8 inches at James Clark's a))ove Mateer. There are a number of pit* 
near Mateer in whii'h the bed is from 3i to 4^ feet thick. 

On Carnahan Run, li miles north of Spring Church, this coal has 
been mined extensively on the farm of the Clark heii*s and adjoining 
farms a half mile east of the schoolhouse, and shows a consideralile 
thickness (PI. V, F): 

»Sfction li inUf'n north itf Spnnq Chvrrh. 

FC. ill. 

Coal 1 1 

Shale 1 

Coal 4 6 

Total 5 7 

At Cochran Mills the Upi)er Krceport coal is near the top of the 
blutf and lias been opened in only a few places. The bank on the 
Samuel Fiscus farm is w^orked every winter. The product in the win- 
ter of lJK»2-3 amountinl to ^.000 bushels, which was sold on the scaf- 
fold at i^A cents a bushel. The coal is 8^ feet thick in this bank and 
ris(^s both to th(» right and left of the entry. On Cherrj' Run there 
arc a numi)er of ()i>enings in wh'uh the coal measures 4 feet. Near 
A(him C<^^sna\s it is about 3 feet 1> inches and at Joe McKee's 4 feet 2 
inches. 

It will be s(»en by the economic geology map that the Upper Free- 
port coal is above water level on the North Branch of Cherry Kun in 
the vicinitv of iiockville. Mr. Piatt stati^d in the Second Survev 
report on Armstrong County that the coal goes under the run at Heil- 
maii schoolhouse, iiockville, and that the (rallitzin seam is opened at 
Kemalev's mill, between Koi^kville and Shav. He descril)es the Gal- 
litzin s(»am as V)eing "2 feet 7 inches thick r>0 feet al)Ove the Upper 
Frceport coal and resting on massive Mahoning siindstonc. The pi-es- 
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ent writer came to the conclusion that the Upper Freeport coal con- 
tinues above water level at Rockville and decreases in thickness from 
42 inches near Pyrra to 22 inches or less at Remaley's mill. The 
heavy sandstone which outcrops at Rockville is l>elieved to be the 
Butler sandstone. The Mahoning sandstone may be seen al>ove the 
Upper Freeport coal at Remaley's mill. This mill is now owned by 
Mr. Heffelfinger. 

It is generally admitted that the coal which outcrops just above 
water level at Pyrm is the Upper Freeport. The rocks rise to the 
northwest on the Greendale anticline, and the coal keeps above the 
stream to Remaley's mill, shown by the following occurrences, 
with their approximate el .ons above sea level: 

Elevdtlons oj Copper Freeport coal above sea level. 

Feet. 

Abandoned coal bank ni»ar Pyr»u 1, 045 

Van Schall coal bank (coal 42 inches) 1, 050 

Coal blo«4om reporttKi plowed up on hillside 1 , 070 

Wet spring spots opposite Reuben Schall's 1, 085 

Old opening below Crim's house. 1, 110 

Old opening below Crim gas well 1 , 120 

New opening below Remaley's mill (coal 22 inches) 1, 130 

Old opening above Remaley's mill (coal 18 inches to 3 feet) 1, 150 

The coal bed which has been opened at Remaley's mill has been 
mined in several places on Cherry Run north of Rockville. On the 
Harry Faith farm four pits have been dug, only one of which is acces- 
sible. This shows 2 feet 10 inches of clean coal (PI. V, G). A half 
acre of coal is sjiid to have been mined on the Strhall and Heilman 
farms in a period of thirty years. The bi*d is said to have averaged 2 
feet 4 inches of clean coal, but as the bank was abandoned ten or 
twelve years ago this statement could not Ih> verified. If the coal 
alx)ve the run at Rockville is Upper Freeport this also is. The writer 
believes that the coal bed reported at a depth of 15 to 20 feet below 
the run in wells drilled at Rockville is the Lower Freeport. Its 
thickness is not known. 

On Elbow Run, li miles from Crooked Creek, both the Upper and 
Lower Freeport coals are reported to have been opened or stripped 
many years ago and found to be 8^^ feet thick. There was no oppor- 
tunity to verify this statement. In the Robert Walker bank near the 
mouth of Elbow Run this section was measured (PI. V, /): 

Section on EUtow Run. 

Ft. in. 

Coal 8 4 

Shale 2 

Coal 11 

Total 4 5 



42 MINERAL RESOURCES OF ELDERS RiDGE QTTADRANGLE. tBULL.2r<;. 

On Big Run, which is in the northwest corner of the Elders Ridge 
qiiadmngle and heads near Shay, the Upper Freeport has been opened 
in a number of places on the Daniel Campbell and Samuel McCIune 
farms. Thousands of bushels of coal have been taken out, but the 
inilustry was given up alK)ut 1893 on account of trouble with miners 
and ]>ecHUse gas was discovered in the neighborhood about that time. 
Mr. M(*Clune savs that the coal measures from 4 feet to 4 feet 9 
inch(vs and carries very little shale parting. 

The composition of the Upper Freeport coal is shown by the follow- 
ing analyses. The first was made by A. S. McCreath for the report 
of the Second Survey on Indiana County. The sample was taken 
from the upj^r iKMich in the Ilazlett mine near Jacksonville. The 
second analvsis was made bv E. C. Sullivan, of the United States Geo- 
logical Surve3% from a siimple of marketable coal in the Walker mine 
on Crooked Creek near the mouth of Elbow Run. The third and 
fourth analvses were made bv W. T. Schaller, of the United States 
(ieological Survey, from samples of marketable coal taken by the 
writer in the (ieorge Altman ])ank on Fagley Run north of Girty 
and the A. W. Robinson bank at the head of Reeds Run north of 
Jacksonville. 
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I'lTTSHLRG COAL. 



orrrRRENcK. 



The northernmost remnant of the Pittsburg coal seam, which under- 
lies a])Out 2,(>(M) square miles in the southwestern part of Penns}'!- 
vania (fig. 3), is in the Elders Ridge quadrangle. This remnant is a 
small areii which lies along the Armstrong-Indiana county line and is 
detached from the main bodv of the seam. 



K.VTENT. 



(Teographi<*ally the limits of the Elders Ridge coal field are 
dearlv defined. It is bounded on the north bv Gobblers Run, on the 
east by Blacklegs Creek, on the south by Kiskiminitas Riyer,4indon 
the west by Long Run. It is about 10 miles long and 3 miles wide, 
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with the long axis in a northeafit-southwei^t direction. This belt of 
coal is dirided transversely into three large blocks l>y the valley of 
Whisky Run and Big Kun, which have cut through the horizon of the 
coal and expose long lines of outcrop on both sides of the streams. 
The middle one of these three blocks, which lies between Olivet and 
Clarksburg, is the largest, and the northernmost is the smallest. All 
three have irregular outlines. There are a number of outliers of a few 




RldKt! quudraDKle 



acres in extent on the northern and western sldos of the Hold. Rougldy 
e^jtimated, there are about 14 square miles of conl in this uroa. or 
between 8,500and 9,(X)0 ncres. The coal has been mined out from «(H) 
or 700 acres. The thickness of the bed will average cIomc to 7 feet. 



This (toal field lies in a. structural liusin known as the Elders Kidge 
eyncline. The positiou of the axis is shown on the accoinjunying 
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aketch ruap (tig. 4). It crosses the river above EMri, padses close 
to the Faiter mine (No. 12), a few roda east of the Robert Fritz 
bank (No. 8), and through El- 
ders Ridge near the academy. 
It entei's the northern block 
between the W. B, Davia and 
John D. Hart heirs banks (No. 
6), passes west of West Le- 
banon, and leaves the field 
near Holsten Brothers liatik 
(No. 1). The lieginning of the 
sharp deflection to the ea.st, 
which takes the axis to Crooked 
Creek, nearly 2 miles east of 
Hhelocta, is shown north of 
the coal banks on tlie Hugh 
Blakley (No. 2) and Madison 
Craig (No. 3) farms. All of 
the coal on the east side of this 
syncline rises toward Blacklegs 
Creek, and all on the west 
toward Long Run. The basin 
is deeper in the vicinity of 
Elders Ridge than at Edri or 
West Lebanon, so that the 
structiiml shape of the Held is 
a broad canoe-like fold, with 
the rot^ks dipping from all 
sides toward the center. The 
<lip is gentle, l>eing just enough 
tu aid the ot^eratioiis of the 
miner. 

The profile of the axis of 
the basin is shown by the ele- 
vations of the Pittsburg c<«l 
alK>ve mean sea level. From the northeast to the southwest along the 
bottom of the syneiino the elevations at six points are as follows: 
Elettiliuim of PiO^ary mil nlnivp sen l»itl. 




~S?"C3 



iv lilclKu I'liil Uvlil. ruiiu- 



KLlrrs Kidfic. •\<-i^\- well n.'ar creaiiK-ry 1, 070 

Ii.)lN'rtFrit7, X'l. « 1,022 

FcKttT, S... 12 _ 1,100 

West mk of KiHkiiiiiiiitai^ Kiv.T 1,150 

This shows that the deepest iMiit of the syneline lies between Elders 
Jiidfre and the point where the axis crosses V^\^ \i,\ii\. The axis rises 
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slowly from Big Run to the northeast, but more nipidly from tlie 
Fritz farm to Foster, the coal rising in this direction al>out Co feet in 
little more than a mile. 

DEVELOPMENT OF THE PITT8BUR<» COAL. 

On the accompanying sketch map of the Elders Kidge coal field most 
of the points where a clean face of the Pittsburg coal may be seen are 
indicated by crossed hammers, the usual symlx)l for a mine or (|uarry. 
Some of these are numbered, for ready reference, as follows: 

List of pnt2)erties where ej'jH/i^ureH of IHttshunj nnil (M^rur. 



1. Holsten Brothers. 

2. HughBlakiey. 

3. MadifK>n Craig. 

4. Wilron Blakley. 

5. HaiT}' Hart 

6. John D. Hart. 

7. Simon Townsend. 

8. Rohert Fritz. 



9. Pittsburg Gas Coal Company 

10. Thomas Hart. 

1 1 . Avonmore mine. 

12. Fotiter mine. 
18. VaIti mine. 

14. I^)wman mine. 

15. Conemaugh Coal Company. 

16. Mrs. Arnold. 



For figures in parentheses in the text see fig. 4. 

A large number of openings have been made on the outcrop of the 
coal. Many of these were abandoned after a small quantity of coal 
had been taken out, and have been closed for years. Other banks to 
the number of ten or twelve are kept open and are operated hy one 
or two men throughout the greater part of the year. Among those 
country banks are those of Holsten Brothers, Madison Craig, Wilson 
Blakley, John D. Hart, Harry Hart, Ro])ert Fritz, Samuel White, 
McComb, Thomas Hart, and John Hart. These small banks supply- 
fuel for only a narrow belt of farms, because the Upper Freeport coal 
is mined on Roaring Run and on Crooked C-reek below South Bend 
le^s than 2 miles west of this field, and both the Upper and Lower 
Freeport coals are mined to the east not more than 8 miles from 
Blacklegs Creek. 

Extensive mining has l)een done only near the river. Between forty 
and fifty yeara ago, when there was a canal *along the river, a large 
mine was worked on the Rhea property, near Avonmore, but develop- 
ments here terminated about l.Sf)5, when the Western Pentisvlvania 
division of the Pennsylvania Railroad was }>uilt and the canal was 
abandoned. Coal mining on a large scale began again about fifteen 
years ago, and at present there are five or six mines which ship their 
output to distant markets by rail. 

The Avonmore mine (No. 11), which is operated by the Avonmore 
Coal and Coke Comjmny, is situated at Hicksville on the bluff 850 feet 
above the river. The working faces are from one-half to three- 
fourths of a mile from the mine mouths. The cars are collected in 
the mine by mules and hauled out to the top of the bluff b}^ cable; they 
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tire lowered to the tipple on the niilroad by a double-traek gravit}' 
incline. A daily outi)ut of 5(H) tons is made with a force of 150 men. 
L. \V. Ilick.s, of Leechburg, Pa., is superintendent of the company. 
This mi!ie has })een working continuously since 1889 (PI. VII, A). 

The Foster mine (No. 12) is owned by the Saltsburg Coal Company 
and was reopened in the fall of liH)3 after standing idle a num})er of 
vears. The coal is hauled down the run and around the face of the 
river bluff to the tipple on the milroad b^' a narrow-gage steam loco- 
motive. In Decem})er, 1904, this mine was producing 750 tons per 
day. At the Edri mine (Xo. 13), which is situatexl on the hill east of 
the station of that name, the cars are brought out })y nmles, and low- 
ered about 2oO feet to a tipple on a spur from the itiilroad. A douV)le- 
track gravity incline is the method for low^n'ing and raising cars. 
About 50 men are employed and the daily output is 200 tons. This 
mine is openited by the Kdri Coal Company. 

The Bowman Coal Mining Comjmny. S. •!. Robinson, superintend- 
(Mit, oj)erates a mine (No. 14) near the southern extremity of the field 
on the hill about three-fourths of a mile south of Kdri. The com{>any 
em[)loys (>0 mi*n and ships from 2W to :i50 tons daily. Mulcts are 
used for hauling the coal from the breast out to the brow of the hill 
(PI. VII, /?), where it is lowered V)y an incline to a niilroad tipple. 

The Conemaugh Coal Company, of Blaii^sville, Pa., F. M. Gmff, 
superintende!it, in 1908 opened a mine (No. 15) a half mile east of 
the Bowman ComiMiny min(\ There were loO men on the pay roll 
in l)eceml)er, 1904, and they were getting out at>out 7,000 tons per 
month. Almost I,0(.M) feet of heading per month were being driven 
in the fall of 1904, and it is expect<*d that an additional capacity of 
l.(.MM) tons will soon be developed. A large tipple has been built over 
a railroad spur at the sheet-steel mill and cars are handled on the incline 
by steam power. 

The Pittsburg (las Coal Company has started a new (H)al town on 
Harper Run, about H miles south of Klders Ridge. This company 
began o|K»rations in the summer of 1903 by building a dam across the 
run. erecting i^ower houses, and starting ♦'» hemiings on the coal (PI. 
VI, />, ]). 40). Three of these hi'adings are on the east side of the run 
and hav(* natural dniinage. The other J5, on the west side of the run, . 
an* down t.h<^ di]) of the rocks, so a heading is being run almost due 
west to Big Hui\ to give natural drainage to all the workings in that 
part of the mitie. Klectric haulage and all modern improvements, 
both inside and outside, are used at this mine. 

The com|)any i^xpects to erect 850 to 400 houses on its town site, 
known as Iselin. In March, 1905, according to John Reed, assistant 
rtMieral manager, tlio town had a population of 2,000, and thecomi>any 
was employing 4on hkmi and producing 1,850 tons of coal daily. 
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The Buffalo, Rochester and Pittsburg Railway has been extended 
from Creekside, Indiana Count}^, to Iselin. It began hauling coal 
from this mine in August, 19()4. 

THICKNESS OP THE PnTSBURG a)AL. 

The Pittsburg coal bed in the Elders Ridge field is slaty and much 
parted in some places; in others it is clean and almost unbroken. It 
varies in thickness, including its partings and roof coal, from 7 to 10 
feet. Generally the roof coal is not taken, being so much parted 
bv thin bands of shale that it has little value. Moreover the shales 
over the roof coal are so soft and friable that the coal has to be left to 
support them. The l>ed has been opened at a great many places in 
this basin, but there are hardly more than twenty localities where 
accurate measurements of the seam can easily be made. A few meas- 
urements are given in detail to show the chaiucter of the seam. 

yf/rfhem block, —That portion of the Elders Ridge field which lies 
east of Whisky Run is the smallest of the three blo<»ks into which the 
field is divided. The small outliers of a few acres in extent which are 
seen near West Lebanon are the most northern remnants of the great 
Pittsburg coal })ed. Beyond this point the bed would be carried 
above the present surface by the rising axis of the Elders Ridge 
syncline if projected beyond the outcrop. 

About two-thirds of a mile north of West Lebanon Holsten Brothers 
own a coal bank (No. 1), which was opened many years ago, but has 
been worked actively only since about 1900. The coal dips southeast 
and is practically free from partings and horsebacks. The section is 
as follows (PI. VIII, .1): 

Section nt IloUteit Brothers roal tnink. 

Fi. in. 

Coal 2 2 

Shale and coal ^ 4 

Coal 2 5 

Shale i 

Coal 2 2 

Total 7 1 J 

In P. small outlier of the coal, a short distance east of West Lebanon, 
Wilson Blakley owns a bank (No. 4), which is being worked by H. L. 
Dillinger. The coal in this bank shows the following thickness (PI. 
VIII, B): 

Sectioii nt ^yUm^^ BlnJcleif coal hank. 

Ft. in. 

Coal I S 

Shale 1 1 

Coal 3 11 

Shale 1 

Coal ( j?ee n ) 1 :^ 

Total 7 10 
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Jn the fall of 1903 this bank \va8 delivering 2,500 biushels a month 
to the steam shovels working on the Buffalo, Rochester and Pittsburg 
Railroad cut near Parkwood, and the Madison Craig hank (No. 2) was 
working on a similar order. 

These northern banks in the Elders Ridge field furnish a large part 
of the local supply in the Crooked Creek Valley, lieing compact and 
hard, the Pittsburg coal comes out of the mine in firm blocks, which 
in spite of their impurities are preferred by the farmers for use in 
stoves and grates to the softer coal from the Upper Freeport seam as 
mined on Crooked Creek. 

At the J. D. Hart bank (No. «:>) on Whisk}' Run, 1 mile southwest 
of West Lebanon, the entire thickness of the coal was not seen. Two 
bands of roof coal, 8 and 8 inches thick, are said to be above the draw 
slate and are not taken down. The main part of the seam comprises 
5^ feet of good coal with only two thin partings (PI. VIII, (7), 

Partial seclion of J. I). Hait coal ftank. 

Ft. ill. 

Coal 1 8 

Shale J 

Coal 1 8 

Shale 1 

Coal 2 1 

Total 5 BA 

The thickest section of Pittsburg coal measured by the writer is in 
this northern block, on the farm of Thonuis Campl>ell. Back of his 
house, which is li miles south of West Lebanon, there is a small ravine 
in which the coal is well exposed and headings have been driven. The 
seam is in three benches, the middle one being nearly 5i feet thick. 
The section is as follows (PL VIII, />): 

Sfrt'um on Thomas CainpheU fann. 

Ft. in. 

C<.al 1 10 

Shale U 

( 'oa 1 : 5 5 

Shale 9 

(V.al 1 8 



Total 10 



* 



> 



J//f/f//>/V/yrX'.- Under this heading is included all that portion of the 
field which lies l)etween Big and Whisky runs. Sections at all of the 
working banks can not be given, and four or five will be enough to 
show the varia])le characters of the bed. 

Twenty-five years ago the local trade a])out Elders Ridge was sup- 
plied by a pit on the II. Ewing farm. This coal pit was a short dis- 
tance east of the Slnion Townsend bank (No. 7). Here the bed is at 
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(A) 

Holsten Bro's 



Coal^^^2'2' 



Shale ^^9 4' 



Coal^^^2'5' 



Shale ^^BV 



Coal 



2'2- 



(D) 

ThoB. Campbell 



Coal 



I'lO* 



Shale i%^^ 1 r 



Coal 



|5'5' 



Shale ^^S 9 



Coal 



1'3' 



CB) 
Wllflcm.BIakle7 



Coal 



|1'8' 



Shale fe^Sn' 



Coal 



\9'U' 



Shale ^^^ll' 



Coal 



1'3' 



coal r^:^ 



Coal 



Shale 



Coal 



Coal 



Shale 



Coal 



Shale 



Coal 




fa' 



l'8 



(C) 
J.D. Hart heirs 




(F) 

John Hart 



Coal 



Shale 




10' 



Coal 



Shale 
Coal 

Shale 
Coal 



r 



ir2' 






fa' 



ra 
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it8 thickest, and the following detailed section was measured by the 
Second Geological Survey of Pennsylvania (PI. VIII, E): 

SectUni at the Ew'mg coal bank. 
Roof division: Ft. in. 

Slate and coal 2 

Goal 7 

Slate 1 

Coal 2 

Slate and clay, main parting 10 

Coal .\ 1 6 

Slate 1 

Coal, slaty 10 

Slate •. 1 

Coal 1 3 

Slate, 4 inches to 1 6 

Coal 1 6 

Slate, i inch to ^ 

Coal 1 8 

Slate 

Total : 12 4} 

The seam shows more slate partings than is usual, and the coal in the 
different benches is said to be slaty and poor. This much-parted con- 
dition of the seam may be local, however. 

The Pittsburg coal is mined on Harper Run by John llart. A sec- 
tion obtained there shows all of the bed exc^ept perhaps a thin layer in 
the roof shales. The following measurement was made (PI. VIII, 7^: 

Section at John Hart coal Itank. 

Ft. ill. 

Coal 10 

Shale 1 

Coal 4 

Shale 1 

Coal 1 2 

Shale 6 

Coal 1 8 

Total 9 .3 

At the new mine of the Pittsburg Gas Coal Compan}' a measure- 
ment was made in heading No. 2. This mine is just across the run 
from the bank mentioned above, but shows fewer partings. The sec- 
ion is (PI. IX, ^1): 

Section at Pittsburg Oas Coal Company mine. 

Ft. In. 

Coal 6 6 

Shale 6 

Coal 2 

Total 9 

Bull. 256—05 4 
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The bottom bench, which runs from 20 inches to 2 feet thick, is not 
being taken out at present. The great thickness of the main bench of 
coal promises well for the mine if the visible conditions continue. . It is 
overlain by a draw slate which varies from 6 to 12 inches in thickness, 
but whether there is more coal above this or not has not been ascer- 
tained. 

Mr. Thomas Hart is operating a bank (No. 10) on a small run near 
Clarksburg to supply Icwal trade. The main bench of coal is 4 feet 
10 inches thick, with one shale palling less than an inch thick a little 
above the middle (PI. IX, B). The roof coal was not seen, but it 
is separated from the main bench by 10 in<*hes of shale, and is at least 
4 inches thick. 

At the southern end of the middle ])lock of coal in this field there is 
an oiwning on the James Crawford heirs' farm, which has not been 
worked for some time, but which was still accessible when seen in 
1902. It showed a good body of coal in two benches, but not so thick 
as in an old opening on the Sanuiel Gailc}' farm, a mile farther up Big 
Kun. The sections in these two ])anks are as follows (PI. IX, (.\ D): 

Sections (m Cmirford and fiaileiffaniis. 



Coal . . 
Shale. 
CoHl . . 



Total 



a 


Crawford. 




1 8 




1 




5 4 




8 







Gailey 



/Y. 


In. 


2 


7 





10 


5 





8 


5 



A detached area of coal containing about 200 acres and lying between 
the forks of Big Run on the west side of the sj'ncline has been pros- 
pected a little, but is not being mined at the present time. 

Southern hlorl'. — The southern block of the coal field is very irregu- 
lar in shape. It lies between Big Run and Kiskiminitas River, and 
hy reason of its position has been mined on its riverside more than in 
any other part of the field. The variations in the thickness of coal 
lx»n(!hes and shale partings are much the same as already described in 
the northern and middle blocks. 

At the northern extremity of the block on the C. J. Palmer farm 
there is an old pit which was open although not working when seen by 
the writer. The section at this point is fairly typical of all that por- 
tion of the field, and compares very (tlosely with a measurement made 
at a bank about 1 mile southeast of Long Run, although the latter had 
a few inches more of coal at the ix)i!it where the seam was measured. 
The section at the Palmer bank is as follows (PI. IX, E)\ 




SECTIONS OF PlTTbBUnG COhV 



tFTon^] PITTSBURG COAL. 51 

Secli(m at Palmer coat bank. 

Ft. in. 

Coal 1 3 

Shale 5 

Coal 1 5 

Shale 8 

Coal 1 9 

Shale 5 

Coal 1 11 

Total 7 10 

Mr. Samuel White owns and operates for country tmde a bank about 
a mile northeast of Long Run, and Robert Fritz has an opening (No. 8) 
on Big Run. Complete sections were not obtained at these points, but 
the bed is known to be over 6 feet thick. 

The Avonmore mine (No. 11) is operating on the Pittsburg seam, 
where the av^erage thickness of merchantable coal is over (> feet. The 
usual thickness in this mine, exclusive of the roof coal, is as follows 
(PL IX, F): 

Partial Hfiiimi at Avonmore mine. 

Ft. in. 

Coal 2 11 

Shale , 1 

Coal 3 8 

Total 6 8 

At the Foster mine (No. 12) the seam carries about the same amount 
of coal. The parting or *' band slate'' in all of these mines varies in 
thickness; near the river it seems usually to be only 1 or 2 inches 
thick, but increases in places to a foot or more. The total thickness 
of the bed in the Edri mine (No. 13) changes from 5 feet 9 inches to 
8 feet in a few spots, where the parting thickens from H inches to 3 
feet. 

In the Bowman mine (No. 14), at the southern end of the field, that 
part of the bed which is taken out is 80 inches high and contains only 
one noticeable parting. The section is as follows (PI. IX, G): 

Partial section at Botcman mine. 

Ft. in. 

Coal 4 2 

Shale li 

Coal 2 5 

Total '. « 8 J 

The main bench, which is over -1 feet thick, contains a very thin 
streak of shale, but its exact position was not noted. 

Two other mines, also on the southern lobe of this block, are the new 
one owned by the Conemaugh Coal Company (No. 15) and the mine on 
the Arnold farm (No. 16), which used to supply the American Sheet 
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Steel Company mill at the mouth of Blacklegs Ci'eek, but is now oper- 
ated only for country trade. At the C^nemaugh mine the parting or 
''band slate" is usually from 1 to 2 inches thick, but thickens in 
places to 1 foot. The "draw slate," from 6 inches to 1 foot thick, is 
taken down in entry, but can be held in rooms. The total thickne;ss 
of coal is practically the same as in other mines at this end of the field. 
Three small areas of Pittsburg coal are represented in Bell Town- 
ship, west of Kiskiminitas River. In a coal bank at the road fork, 
2 miles south of Avonmore, the following section was measured: 

Sedian 2 milen south of Avonmore. 

Ft. in. 

Coal 4 

Clay 6 

Coal 3 

Draw filate 2 

Coal 7 10 

10 11 

TONNAliE OF TIIK IMTTSBURG COAL. 

Allowing 1,560 tons to the acre for each foot, the Pittsburg seam, 
which averages 7 feet of workable coal in this field, contains 10,920 
tons to the acre. Thei-o are probably H,000 acres of merchantable coal 
remaining in the field, or 87,360,000 tons. If by most advantageous 
methods of working 70 per cent of this coal can be mined, the total 
product of the field as it now stands would be 61,152,000 tons. 

. QUALITY OF THE PITTSBURG a)AL. 

In the following table nine analyses of the Pittsburg coal in the 
Elders Ridge field are given. Four of these, made by Mr. A. S. 
McCreath, were published by the Second Geological Survey of Penn- 
sylvania, in the reports on Armstrong and Indiana counties in 1878. 
The other five are new, and, so far as known, were published first in 
Bulletin No. 225, United States Geological Survey, p. 322. 

The Avonmore analysis was furnished by the superintendent of the 
mine, and the method of sampling the coal was not stated. 

The Arnold analyses were furnished by the Conemaugh Coal Com- 
pany, with the statement that the samples ''were taken in the usual 
way in which this work is done, viz, a narrow slip from top to bottom, 
getting in an equal amount of both bench and breast coal." 

The samples for the Iselin and Ilolsten anal3\ses were collected b}' 
the writer. In taking the samples a cut was made at a working face 
from top to bottom of that portion of the seam which is marketed. 
The samples were mixed and quartered and sealed in glass fruit jars. 
Tlie anah'ses of the Iselin and Ilolsten coal samples were made in the 
chemical laboratory of the United States Geological Survey b}' Mr. 
George Steiger and Mr. Eugene C. Sullivan, respectively. 
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Anahfgen of IHUMmrg cmilfrom Eldem Ridge field. 



UxaXity. 



Fixed 
carbon. 





Per cent. 


ATonmoru . . . 


56.432 


Arnold 1 


65.17 


Arnold 2 


56.47 


iHeUn 


56. » 


Aahbaugh ... 


63.6:19 


Ewing 


50.230 


EvaiiM 1 


50.X50 


RvanM 2 


M. 7S8 


HolHten 


56.2r> 



Volatile 
Matter. 



l\:r cent. 

32.99 

30.02 

31.48 

37.565 

:I6.900 

3(>. 940 

3l.99:> 

:«.41 



Mois- 
ture. 



A.Mh. Sulphur. 



Fuel 
ratio. 



Coke. 



Authority. 



Ikr cent., Ptr cent. 



0.720 

.51 

.63 

1.76 

1.110 

.800 

1.040 

1.460 

1.61 



6.810 
10.33 
11.83 
10.42 
6.2(i0 
9.030 
9.7a> 
11.760 
8.73 



Per cent. 


Per cent. 


Po" cent. 


0.988 


1.61 


64.23 


.98 


1.67 


66.48 


1.02 


1.88 


69.32 


1.25 


1.79 


68.01 


1.436 


1.43 


61.335 


3.010 


1.36 


62.30 


1.465 


1.3M 


62.02 


.997 


l.r>8 


66.545 


1.87 


I.IW 


m. 85 



L. W. Hicks. 
C. B. Dudley. 
Wuth & Stafford. 
Geo. Steigor. 
A. S. McOrmrh. 

Do. 

Do. 

Do. 
K. ('. Sullivan. 



The Avoiiinoro analysis, furnished by Mr. L. W. Hicks, superin- 
tendent of the Avoninore Coal and Coke Company, shows that the 
coal in the Avoninore mine (No. 11) runs high in fixed carbon and low 
in ash in comparison with that from other parts of the field. Although 
the fuel mtio is not high, the totjil amount of combustible matter is 
the highest of the nine samples. The percentages of sulphur and of 
ash are both very low, and the amount of phosphorus in this sample 
was 0.010 per cent. Judging from the above analyses alone, it is evi- 
dent that the coal in the Avonmore mine is the best in the field for 
steaming purposes. 

The Conemaugh (/oal Compan}- has furnished, through Mr. F. M. 
Graff, superintendent, two analyses of the coal in the Arnold mine 
(No. 16), one made by C. B. Dudley, of Altoona, the other by Wuth 
& Stafford, of Pittsburg, Pa. Both analyses run high in ash and low 
in moisture. Arnold 2 runs higher in fuel ratio than any other sample 
from this field. This is due to a low percentage of volatilcfmatter. 
It also shows the highest per cent of coke. The high ash, however, 
keeps this from being the best sample in the above list. Arnold 2 
shows a phosphorus content of 0.028 per cent. 

The Arnold mine has a}x)ut 8 acres of coal, and lies within a few 
hundred feet of the main entries of the Conemaugh mine. The Cone- 
maugh Coal (k)mpany owns the coal all around it, and the^se Arnold 
analyses prolmbly represent the character- of the immediately surround- 
ing coal. 

The Iselin analysis was made from a sample collected })y the writer 
in No. 2 heading of the Pitts!)urg Gas Coal Company mine (No. \)) at 
Iselin. It shows the composition of the coal of the main bench, 6i 
feet thick, which is now being taken out. The percentage of ash and 
moisture is high, Imt the fuel mtio is excellent. The coke iK»r cent 
and total amount of (H>mbustible matter are high. Nine tons of this 
coal sent to Adrian to })e tesUnl made a good coke. 

The Ashbaugh analysis, ])ublished more than twenty-five years ago, 
is from a sample of the coal taken at Ashbaugh's steam mill on Har- 
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per Run, 1 mile above Clarksburg. The lower bench of the bed has 
a cannel appearance and is very rich in hydrocarbons, which prob- 
ably accounts for the high percentage of volatile matter. The loca- 
tion is very near the new mine of the Pittsburg Gas Coal Company, 
but the analyses of the coal at the two points differ considerably. The 
Ashbaugh analysis shows the next highest amount of combustible 
matter of anv locality in the field. 

The coal of the Ewing bank in all the different benches is slaty and 
poor. Some of it is overloaded with iron pyrites, and none of it in 
it^ raw state could be consider. red marketable fuel, except for local 
supply. Although not the lowest in total amount of combustible mat- 
ter, it is the lowest in fuel ratio, and carries such a high percentage 
of sulphur as to make it unsalable for many purposes. 

At the mill of Mr. J. Evans, close to West Lebanon, the Pittsburg 
coal wjis mined many years ago. The bed is somewhat slaty and 
more pyritous than at most other localities. Mr. Mc(yreath analyzed 
a specimen representing a}K)ut the average run of the main benches, 
and the results are given in the table above as Evans 1. One bench 
(that next to the lowest) in this bank assumes a cannel appearance and 
Evans 2 is an analysis of the same. 

The coal in the Holsten bank (No. 1) takes third place in the list for 
total amount of combustible matter, stands high in fuel ratio and coke 
per cent, and it is also high in sulphur. The analysis of the coal at 
this bank was made by Mr. Eugene C. Sullivan, of the United States 
Geological Survey, from a sample collected by the writer at a fresh 
breast. 

On the basis of the analyses which give the coal in the Avonmore 
mine fir^t place, there would be difiiculty in making a second choice. 
The coal at the Holsten and Arnold pits is no better than that on 
Harper Run. 

SEWICKLEY COAL. 

The horizon of the Sewickley coal is about 120 feet above the Pitts- 
burg, and its occurrence is limited in this quadrangle to the center of 
the Elders Ridge syncline. The coal is nowhere worked in this region, 
but the blossom is seen frequently in dit<;hes along the roadside. It 
is conspicuous at the road corner above the Thomas Hart bank \\ 
miles northwest of Clarksburg, and also a few rods north of the 
church at Elders Ridge. An opening on the Smith farm near Elders 
Ridge, made many years ago, is claimed to have revealed a much- 
parted seam measuring h feet 3 inches. The coal is said to be 3 feet 
thick in the cliff a])ove Hicks ville, but occurrences noted do not indi- 
cate more than 2 feet. 
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COKE. 

There are no coke ovens in the Elders Ridge quadrangle at present. 
It is probable, however, that some time the Pittsburg coal in this area 
will be coked if it proves to be adapted to the purpose. In the chem- 
ical analyses of Pittsburg coal from the Elders Ridge field, given on 
page 63, the coke percentage, which is the sum of the fixed carbon, 
ash, and sulphur, is highest in the Arnold and Iselin analyses. The 
analyses suggest, however, only the strength and purity, and fail to 
indicate the essential qualities of a good coking coal. The coking 
and noncoking properties of the soft coals are not yet clearly under- 
stood. 

The only sure method for determining the adaptabilit}' of coal for 
coking is to have a (|uantity of it tested in a coke oven and then to 
make a careful study of the physical and chemical properties of the 
product. 

Comparative analyses of coke. 





Eldere 

I*tr cetU. 
90. 532 


Conuells- 
villc. 


Fixed cabon 


7Vr cent. 
89.609 


Volatile hydrocarbons 


.880 


Moisture -- -- 


.070 


Ash 


7.411 
2.057 


8.830 


Sulphar 


.711 








100.000 


100.000 



Two analyses of coke made from. Pittsburg coal are given above. 
The first was made by A. S. McCreath from coke made in the labora- 
tory of the Second Geological Survey of Pennsylvania })y coking coal 
in a platinum crucible. The coal was from the Saltsburg Coal Com- 
pany mine in the southern block of the Elders Ridge field. The second 
is the average of a num})er of anHl3'ses of typical Connollsville coke 
made by the H. C. Frick Coke Company. The amount of sulphur in 
the Elders Ridge coke is too high for a first-class product, but this 
might be remedied })y washing the coal to get rid of part of the 
sulphur. 

NATURAL GAS. 



OENKKAL STATEMENT. 



More than 2(30 wells have been drilled for gas and oil in the Elders 
Ridge quadrangle during the past ten years, drilling having begun 
about 1894. Many of the wells have produced gas, some have })een 
unproductive, but not one has found a pool of oil. The wells may })e 
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grouped in seven more or less well-delined tields, which are known by 
local names. These are the Willet, Plura Creek, Say Farm, Girty, 
Shellhammer, Roaring Run, and Rockville fields. 

The relation of the gas fields to geologic structure appears to be 
definite and uniform. It will be noticed that the producing wells are 
near the crests or far up on the flanks of anticlinal folds, and that a 
number of holes located in the synclines are unproductive. Formerly 
it was the practice to pursue drilling operations along certain degree 
lines, such as N. 23^ E., or N. 35*^ E., but now that the anticlinal the- 
ory of the accumulation of gas is generallj' understood, much useless 
work is avoided, and the direction of further drilling is determined 
by geologic structure rather than })y compass. 

Natural gas is not confined to a single horizon in the wells in this 
quadrangle. The Murrysville and Hundred-foot sands are the upper- 
most and most productive, the Pine Run and Fifth sands yield some 
gas, and the lowest sands — the Speechley and Tiona — also are reser- 
voirs. Several of these sands maj^ be found to be productive in the 
same well. In fact, some companies operating in the northeastern part 
of Armstrong County have deepened the upper-sand wells, which were 
fast becoming exhausted after several years of productiveness, and 
have found large amounts of gas in the lower sands. Early in 1904 the 
Philadelphia Company deepened a well which had become weak, and 
c»btained a flow of gas with a rock pressure of over 920 pounds in the 
Tiona sand about 1,300 feet below the Hundred-foot sand. This is 
a far greater pressure than the upper sands ever have and shows the 
possibilities of deep drilling. 

STRATIGRAPHY OF GAS-BEARING ROCKS. 

The lowest rock exposed in the quadrangle is the Vanport limestone, 
which is in the lower part of the Allegheny fonnation. The following 
description of rocks not exposed extends from this horizon to the bot- 
tom of the deepest well, taking up the rocks in the order in which they 
are reached by the descending drill. The description is based on well 
records which have been furnished by gas companies operating in the 
territory. It is well known that rocks exposed at the surface change 
in character and thickness from place to place, and the same thing may 
be expected in the hidden formations. Although the vertical interval 
between two easily recognized beds may be approximately constant, 
the details in the sequence of rocks filling the interval often change 
materially, both in exposed sections and in well sections. For this 
reason it is often diflicult to correlate beds in the records of wells 
drilled in close proximity to each other, and the author upon plotting 
well records to scale has not always been able to agree with the drillers 
in their correlations. 

The records of a number of deep wells in this (|uadrangle are shown 
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on Pis. X and XI. It must be borne in mind that the holes were 
churn drilled, and that the value of such reijcords varies with the care 
exercised by the recorder. The correlation lines on the plates arc the 
author^s interpretation of the records, and are more or less tentative. 
The record of the W. G. King well on Crooked C>reek', 2 miles west 
of South Bend, gives a typical section of the underlj-ing rocks of the 
Elders Ridge quadrangle (PI. XI, No. 235).« The author has taken 
the liberty of using the word shale instead of slate, as in the original 
record, and has named the members according to his interpretation. 
The well began near the horizon of the J^ower Kittanning coal, and 
was drilled by the Ford City Gas Company in February, 1892. 

Record of W. G. Kiiuj welly South fiend Toumship. 
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aNumbers in parentheses referring to deep wellH indicate the location of wells on the economic 
geology map, PI. I. 
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According to the records of a number of wells in the quadrangle, 
the interval between the Vanport limestone and the top of the Pocono 
sandstone or Big Injun sand is from 200 to 250 feet. This interval is 
occupied by sandstone and shale in varying proportions. Usually the 
lower portion is shale, and much of the sandstone probably is Potts- 
ville. At the base of this interval in the George W. Stahl well (?1. XI, 
No. 261), Conemaugh Township, is 8 feet of red rock. The color sug- 
gests that this occurrence is Mauch Chunk formation. It is possible 
that some of the shale shown in other well records as occurring 
between the Pottsville and Pocono formations is of Mauch Chunk age, 
although no mention of the color is made. What little Mauch Chunk 
may underlie this quadrangle probably is very thin. This scanty 
representation is interesting because of the well-known westward 
thinning of the formation, and of the erosional unconformity which 
separates the Pottsville from the underlying rocks. Farther west- 
ward, in the vicinity of Kittjinning, M. R. Campbell and David White 
have shown that the Pottsville rests directly on the Pocono, with no 
intervening Mauch Chunk. 

Big Lijua aaiid. — Practically all well drillers in western Penns^-l- 
vania know the Big Injun sand, which to the geologist is the Pocono 
andstone. This sandstone is found from 450 to 50(> feet below the 
Upper Freeport coal and often is from 300 to 500 feet thick. The 
records show considerable variation in this formation. While in one 
well there may be 300 feet of unbroken sandstone, other wells show 
large admixture of shale and shaly sandstone. In some wells shale 
appears less than 100 feet below the top of the formation, and the upper 
sand is called the 70-foot. It is the practice of some drillers to call the 
main sandy portion of the formation, which is separated from the 70- 
foot sand by a varying amount of shale, the Mountain sand. In fact, 
the term Big Injun is not always used. The variations in this forma- 
tion can best be understood by examining the well sections on Pis. X 
and XL 

Patton aJLoh 7nemher,'-AX the bottom of the Big Injun sand there is 
found in some wells, particularly in the southern part of the quadrangle, 
a few feet of red rock, which may be either sandstone or shale, or 
both. This band of red rock is between 800 and 900 feet telow the 
Upper Freeport coal, and occupies an interval from 10 to 90 feet 
thick. This rock outcrops at Patton on Redbank Creek, from which 
occurrence Campbell has called it the Patton shale. David White has 
found fossils in the Patton shale which show that it is a member of the 
Pocono formation. 

MarryHifUle mnd. — At an approximate depth of 1,100 feet below the 
Upi)er Freeport coal a sand rock which often carries gas is found 
throughout this quadrangle. This is the Murrysville sand, which takes 
its name from a village of that name in Westmoreland Count}^, where a 



u 



t 

I 
t 



i 

■1 

i 



■TONE,] NATURAL GAS. 59 

strong gas pool was discovered at this liorizon. Other names which 
are used in Armstrong County for the sand are Butler sand and Salt 
sand. The thickness of the Murrysville sand, based on drillers' recog- 
nition, varies from 20 to 105 feet, and 69 records give an average thick- 
ness of 64 feet. The top of the Murrysville sand is usually a)x)ut 700 
feet below the top of the Big Injun. The interval between it and 
the Big Injun or the Patton shale member, when the latter i.s present, 
is filled in some wells entirely with sandstone, in others with shale or 
sandy shale, and in others with all three types of rocks. 

Hundred-foot miul, — From 100 to 125 feet below the top of the Mur- 
rysville sand, and separated from it by a varying amount of shale, is the 
Hundred-foot sand. The name is derived from its thickness, which, 
although it varies from 35 to 150 feet, in the record of 51 wells aver- 
ages 94 feet. This sand also is a gas producer. Immediately below 
the Hundred-foot, and separated from it by a few feet of shale, the 
drillers sometimes recognize a sand known as the Thirty-foot. The 
term is used but little in the Elders Ridge quadrangle, but is common 
in the records of wells in the Rural Valley quadrangle on the north. 
This sand in a few wells appears to ]>e merged with the Hundred-foot, 
the intervening shale being absent; sometimes it carries gas. 

Pine Run sand, — In wells drilled at Mateer, a gas-l>earing sand was 
found 275 feet below the top of the Murrysville. A sand at this hori- 
zon about 20 feet thick is shown in the records of wells in other parts 
of the quadrangle, but only at this point is it given a name. The ori- 
gin of the term is not known. It is separated from the Hundred-foot 
sand by shale, sandstone, or sandy shale, and lies only a few feet above 
a considerable thickness of red beds. 

Svh'Blairmdle red hed^. — A conspicuous mass of red shale is shown 
in all the wells which go more than 1,300 feet below the Vanport lime- 
stone. The top of this red rock is usually from 300 to 350 feet below 
the top of the Murrj'^sville sand, and the color extends through an aver- 
age thickness of 300 feet in this region. The rocks probably consti- 
tute a part of what is known as the Catskill fornuition and may be of 
Devonian age. They are not known in outcrop and because of their 
considei-able development in wells drilled in the vicinity of Blairsville 
have been called by Camp})ell (Latro})e folio. No. 110) the Sub-Blairs- 
ville beds. Richardson noted this mass of red rocks as occurring in 
wells in the Indiana quadrangle at a depth of 1,400 to 1,500 feet ]>elow 
the Upper Freeport coal and correlated them in a number of well rec- 
ords on columnar .section sheet 2 in the Indiana folio. No. 102. 

It will be seen by reference to the plates of well sections that the 
correlation lines drawn at the top and bottom of the Sub-Blairsville 
red beds include in a number of cases more shales and sandstones than 
those which the drillers noted as being red. These lines limit the zone 
in which red beds occur rather than mark the occurrence as actually 
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noted, and are the author's interpretation of the probable correlation 
between the sections. In the Crownover, Kerr, King, Stabi, and other 
wells red beds occupy the entire interval; iu the Sturgeon well they 
are in the upper portion, and in the Robinson well they are in the 
lower portion of the zone, while in the Jones well no red beds are 
recorded. It is assumed that if particular attention had been paid to 
the subject when the wells were ])eing drilled, the diillei*s' records of 
a number of the wells would have shown more red beds. 

The age of the Patton shale member is known to be Pocono and 
these Sub-Blairsville red beds probably are Devonian, but the exact 
position of the boundary lietween Carboniferous and Devonian rocks 
beneath this quadmngle is not known and can not be determined by 
well records alone. It is probable that there is a zone of transition in 
which Chemung and Pocono fauna^^ merge. 

J^Vfth HutuL — A sand known as the Fourth sand, which occurs in the 
midst of the Sub-Blairsville red beds in the Rural Valley quadi*angle, 
is not recognized by drillers in this tield. The Fifth sand is at the 
base of the red beds from 600 to 700 feet below the top of the Murrys- 
ville sand and from 1,700 to 1,900 feet l)elow the Upper Freeport coal. 
According to well records it ranges in thickness from 5 to 49 feet, the 
average of 21 records being 21 feet. The position and correlation of 
the Fifth sand are shown on PI. X. 

Three wells shown on this sheet, which go below the Fifth siind, 
show another sand of about the same thickness 150 feet below the bot- 
tom of the red beds. In the Moore well it is 225 feet below. This 
was called the Fifth sand in the Gitiff and Henry Reefer wells. 

Speechhy sand, — At least three wells in the Elders Ridge quadrangle 
have a depth of more than 2,900 feet. These are the Nicholas Reefer 
(No. 98) and Samuel (iraff (No. 96) wells in Plum Creek Township, 
and the Samuel Bracken well (No. 149) in Wasliington Townsliip. At 
depths of 2,4()0, 2,495, and 2,540 feet, respectively, below the Upper 
Freeport coal, these wells encountered a sand in the midst of "slate 
and shells.'' in two wells it is 40 feet thick and in the third 20. This 
sand produces gas in some fields. 

TUma mnd, — The three wells mentioned in the preceding paragraph 
encountered a lower sand which drillers cidl the Tiona. In the Graff 
and Reefer wells the top of the Tiona is 150 feet below the top of the 
Speechley sand, and in the Bnicken well 100 feet below it. On the 
other hand, the distance from the Upper Freeport coal to the Tiona 
sand in the Bracken and Graff wells is 2,640 and 2,646 feet, respec- 
tive! v, a remarkablv close accordance, while in the Nicholas Reefer 
well the interval is 2,^)10 feet. The Speechley and Tiona sands are 
shown on PI. X. 

The well on the Sanmel Bracken farm (No. 149), near Russell Hill, 



■toit«.l NATURAL GAS. 61 

3 miles north of Shelocta, is, so far as is known to the writer, the 
deepest well in the Elders Ridge quadrangle. Its total depth is 
3,025 feet. 

DESCRIPTIONS OF GAS FIELDS. 

The seven gas fields in this quadningle are described in the order in 
which they occur from east to we.st. 

Wtllet Jleld.— The locality of a group of producing wells, which 
extends across the Indiana-Elders Ridge quadrangle line on the south 
branch of Plum Creek, takes its name from Willet, at the mouth of 
Sugurcamp Run in the Indiana quadrangle. Gas was discovered in the 
Kelly No. 1 well in Deceml>er, 1890, and other wells were soon put 
down. An effort to find a northeastern extension of this producing area 
has been without success thus far. To the southwest, however, several 
good wells have been struck and the field extended to Dutch Run, in the 
Elders Ridge quadmngle. The Willet field is located on the Dutch Run 
anticline. Of the 25 wells which have l>een drilled between Sugarcamp 
Run on the northeast and the John Snyder well (No. 150) on the south- 
west, all but 5 or 6 are producing. The pressure is light in this field, 
but none of the good producing wells have been exhausted thus far. It 
is said that the Kelly No. 2 well (No. 161) on Plum Creek had a rock 
pressure of 225 pounds when the well was drilled in 1891 and a minute 
pressure of 125 pounds in a 5t-inch casing. In UH)1 the rock pres- 
sure in this well had decreased to 100 pounds. All of the wells in this 
field have a little salt water, but not enough to hurt them. The Willet 
field is operated almost entirely by the Indiana County Gas Com- 
pany, only two or three wells having been sunk in this region l)y the 
Peoples Natural Gas Company. The gas is piped to Indiana and 
Pittsburg. 

The gas-producing sand in this field occurs about 1,100 feet below 
the Upper Freeport coal, which is the horizon of the Murrysville sand. 
It varies from 15 to 25 feet in thickness, and is a uniform, moderately 
compact, light-gray sandstone. 

Plum Crerk field. — There is a group of wells near the mouth of 
Plum Creek, a locality known as the Plum Creek field. They number 
less than 20, and were drilled by the Indiana County Gas Company, the 
Peoples Natural Gas Company, and the Philadelphia Company. Most 
of the drilling has been done since 1898. The wells are producing from 
the Murrysville sand, which is found in this field at 1,085-1,115 feet 
below the Upper Freeport coal. One of the Boyer wells drilled in this 
field in 1901 on the east side of the creek is reported to have had a rock 
pressure of 350 pounds in a 6i-inch casing. The Ralston well (No. 
.141), at the mouth of Dutch Run, is reported by the Indiana County 
Gas Company to have a rock pressure of 260 pounds in a 2-inch packed 
tubing, with a daily capacity of 1,100,000 cubic feet. 
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The rock pressure in the Ralston well (No. 132), drilled by the 
Philadelphia Company 1 mile north of Idaho, when completed in 1899, 
was 140 pounds. 

The Plum Creek field is located on the southern portion of the 
Dutch Run anticline, the westernmost wells being near the point where 
the axis plunges against the flank of the Roaring Run anticline as it 
swings to the north. 

Sai/ Farjiifidd. — The locality of a group of wells drilled in Plum 
Creek Township, in the northern part of this quadrangle, is yet 
sufficiently segregated to be known as a separate field. It takes its 
name from the farm on which the first producing well w-as drilled, 
and although usually limited to the close group in the immediate 
vicinity, the term \\my be extended to include all wells between Elderton 
on the south and Blanco, in the Rural Valley quadrangle, on the north. 
The development of this field began in 1897, when a well (No. 77) was 
put down on the A. L. Say farm. It was completed August 23, having 
passed through the Murrysville and Hundred-foot sands, and obtained 
a strong flow of gas. The pressure at the end of the first minute was 
215 pounds and the rock pressure 530 pounds. Other wells which 
showed good rock pressure when they came in were as follows: Alex. 
Chirk, 360 pounds; S. R. Say, 355; W, St. Clair, 353; McPherson 
No. 1, 205; N. & W. Reefer, 178; Rupp & Hemphill No. 2, 175. A 
few wells in this field have shown very little pressure or have been 
dry. The largest well in the field was completed in November, 1902, 
on the Jacob Wingard farm (No. 88) by the Eastern Oil Company. 
The Murrysville, Hundred-foot, and Thirty-foot sands were dry, but 
at a depth of 225 feet below the top of the Hundred-foot a sand 
was penetrated which yielded 2,200,(K)0 cubic feet of gas per day. 
This was called the Third sand by the driller, and overlies the Sub- 
Blairsville red beds, being at the horizon of the Pine Run sand in the 
Shellhammer field. 

The records of 20 wells in this field show that most of the gas comes 
from the top of the Murrysville and lower part of the Hundred-foot 
sands. The average thickness of the Murrysville in these records 
is 78 feet, although the recorded thickness varies from 35 to 134 feet. 
The Hundred-foot seems to vary from 40 to 165 feet in thickness, with 
an average of 95. The average distance from the top of the Murrys- 
ville to the top of the Hundred-foot is 139 feet. Another name used 
in this field for the Murrysville is Salt sand. 

The earliest wells in this field were drilled in the following order in 
the latter part of 1897: A. L. Say, August 23 (No. 77); J. R. Dun- 
mire, August 30 (No. ^i^\ Absolom Smith, September 4 (No. 66); 
S. R. Say, October 13 (No. 76); Sturgeon, November 24 (No. 113). 

Gas wells in a new field decline more rapidly during the first year 
or two than in subsequent years. At the present time the decline in 
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this field is very slow. All the producing wells are nearly as good as 
they were three years ago, some showing rock pressure as high as 75 
and 100 pounds. 

The Say Farm field is located on the crest and upper flanks of the 
Roaring Run anticlrne, the closest group of wells, including those on 
the Say, Rupp & Hemphill, McPherson, and adjoining farms, being in a 
:<tructural saddle on the axis. Almost all of the wells have been drilled 
by the Philadelphia Company, the only other producers engaged in 
this field being the Peoples Natural Gas Company. 

Girty field. — This field extends from Shady Plain, Kiskiminitas 
Township, northward to the head of Sugar Run, Plum Creek Town- 
ship, and westward to within a mile of Cochran Mills. It contains 
about 45 wells, most of which have been drilled by the Philadelphia 
Company and the Peoples Natural Gas Company since 1895. The 
Murrysville or Salt sand and the Hundred-foot sand are the gas pro- 
ducers. The records of all wells give an average thickness of 63 feet 
for the Murrysville sand, and the distance from the top of it to the 
top of the Hundred-foot sand is 144 feet. In some records the Hun- 
dred-foot is recorded as being 25 to 40 feet thick, wliile in others from 
100 to 125 feet. The Salsgiver well (No. 178), yhich was one of the 
first drilled in this field, had a rock pressure of 325 pounds. A major- 
ity of the wells are good producers after several years of activity. 
The field is located on the broad double crest of the Roaring Run 
anticline. 

Roaring Jiun field. — The territory included in this field extends 
from Shady Plain southwestward along the valley of Roaring Run. 
The wells in that portion of the field which lies in the Elders Ridge 
quadrangle arc about 20 in number and are for the most part close to 
the axis of the Roaring Run anticline. On the ridge east of Roaring 
Run a well was completed on the C. A. Wright farm (No. 254) Sep- 
tember 20, 1894, the first one drilled in this portion of the field. The 
first well drilled at Equitable was the Lewis Kunkle No. 1 (No. 246), 
which was compleU^d December 12, 1894. Before the following sum- 
mer 6 wells had been drilled on the Kunkle farm and three on the 
Hilty Brothers farm, a short distance down the run. The wells in this 
field produce from the Murrysville and Hundred-foot sands, the larger 
amount coming from the latter. The records at hand show nothing 
concerning production except that rock pressure in the Chambers No. 
1 (No. 223), drilled by the Carnegie Natural Gas Company, was 325 
pounds, and that the casing of the Hilty Brothers No. 1, just beyond 
the boundary of this quadrangle, broke with 510 pounds pressure. A 
large number of the wells in this field were drilled by the Equitable 
Company and sold by them to the Philadelphia Company in 1899. 
In 1902 the Philadelphia Company sold all the wells in the field to the 
American Natural Gas Company, which is utilizing them to-day. 
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Shsll h/xinnu^r jid(L — ^The gas field in the vicinity of Mateer, Burrell 
Township, on the south side of Crooked Creek, takes its name from 
the farm on which the first producing well in the field was drilled. It 
is composed of thirty or more wells, which have been drilled b\^ the 
Apollo Gas Company, Pittsburg Plate Glass Company, and Philadel- 
phia Company. The first well in the field was completed on the Ja<!ob 
Shellhammer farm early in 1899. Two wells were drilled on the 
ShcUhammer farm (Nos. 194 and 195) by the Apollo Gas Company in 
the summer of 1894, and large flows of gas were obtained. The well 
which came in on July 2 had such a strong pressure of gas from the 
Hundred-foot sand that the tools were held off the bottom. A gauge 
showed 400 pounds in forty-five seconds. The well completed Sep- 
tember 1 of the same year had a pressure of 200 pounds in thiilj'^ 
seconds and rock pressure of 280 pounds. Three wells drilled on the 
David Riffer farm (Nos. 188, 189, and 190) by the Philadelphia Com- 
pany in the summer of 1894 also obtained strong flows of gas in the 
Hundred-foot sand. These wells showed minute pressures of 320, 
225, and 115 pounds, and rocrk pressures of 340, 253, and 120 pounds, 
respectively. The Riffer wells were abandoned after six years of 
productiveness. 

The Apollo Gas Company has two small gas-pumping stations in 
this field which have a daily capacit}' of about 1,500,000 cubic feet 
each. The stations draw from 14 wells. 

The Shellhammer field seenifs to 'be located on a low anticlinal fold 
which crosses Crooked Creek a short distance below Cochran Mills, 
and which was called the Apollo anticline by Piatt. Gas is found 
largely in the Hundred-foot and Pine Run sands. 

Rockvillejitdd. — The locality of the group of gas wells on the Green- 
dale anticline, in the northwest corner of the quadrangle, is known as 
the Rockville field. Most of the drilling here has been done by the 
Philadelphia Company and the Pittsburg Plate Glass Company-. The 
first well in the field was drilled on the Anthony Kealor farm (No. 22), 
a half mile north of Rockville, by the Philadelphia Company in Decem- 
ber, 1893. Gas was found in the Hundred-foot and Fifth sands, and 
flowed with a minute pressure of 32 pounds. The well developed 
a rock pressure, however, of 430 pounds. A well on the Savander 
Schall farm (No. 28), at Rockville, drilled by the same company in 
1894, came in with a minute pressure of 365 pounds, gas coming from 
the Hundred-foot sand, while the Crim No. 1 (No. 27), located only a 
few hundred 3'ards from the Schall well and completed the same j^'ear, 
found gas in the Fifth sand with a minute pressure of 130 pounds and 
a 80-minute pressure of 385 pounds. 

Jackson Heffelfinger No. 1 well (No. 42), drilled by the Pittsburg 
Plate Glass Compan}' three-fourths of a mile west of Rockville, went 
to the Fifth sand and got a TO-jwund minute pressure and rock pressure 
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of 290 pounds. In comparison it is interesting to note that the Isa^ic 
Heilman well, 2 miles northwest of Rockv ille, ^-ielded gas from the 
Fifth sand with a minute pressure of only 43 pounds, but the rock 
pressure went up to 345 pounds. The gas in this field comes from 
the Murrysville, the Hundred-foot, and the Fifth sands and is piped 
to Pittsburg and Ford City. 

Miscelhineov4i wdht. — There are a number of wells in the quadrangle 
which cun not properly be included in any of these fields. A group 
on the bend of Crooked Creek 3 miles belpw Cochran Mills was 
drilled largely by the Carnegie Natural (Jas Company. Many of 
these wells are producing. 

A well (No. 61) back of the schoolhouse at Brick Church, drilled in 
1892, although located close to the axis of the Apollo syncline, had a 
minute pressure at the outset of 109 pounds and a rock pressure of 351 
pounds in a 6i-inch casing. The productiveness of this well dimin- 
ished rapidly after three or four months, however, and is now very 
small. Also a well on the Hugh Blakley farm (No. 238), a mile north 
of West Lebanon, which was located on the axis of the Elders Ridge 
syncline, obtained a strong flow of gas. On the other hand, a well 
drilled on the same axis at the creamery on the Smith farm (No. 239), 
near Elders Ridge, yielded a very little gas, which was more than could 
be expected from its location. A second well (No. 240) drilled to the 
Fifth sand on the same farm in 1903 was absolutely' ''dry."'' 

A well at Salina (No. 257) and another at the mouth of Blacklegs 
Creek (No. 259), in the Elders Ridge syncline, have yielded enough gas 
to light a few ])urners only, while a well between these two at the 
mouth of Long Run (No. 258) was unproductive. In a few cases deep 
holes sunk near the crest of an anticline have been very light pro- 
ducers or unproductive. Among these are the Lohr IS'o. 2 (No. 156), 
drilled by the Indiana (bounty Gas Company on the Dutch Run anti- 
cline north of Advance; the Ramsey well (No. 148), drilled by the 
Peoples Natural Gas Company on Dutch Run between the Willet and 
Plum Creek fields; and a well a half mile west of Kent (No. 262) on 
the Jacksonville anticline, drilled by the Saltsburg Gas Company. 

Possible extension offi^hh. — The delineation of the geologic structure 
on the economic geology map suggests the directions in which there 
is the most chance of further drilling being remunerative. Territory 
which has not yet been thoroughly tested and whic'h promises to be 
gas bearing is (I) the narrow strip between Dutch Run and Russell 
Hill extending from the Willet to the Plum Creek field, and (2) along 
the crest of the Jacksonville anticline from Lewisville to Watt Hill 
and the head of Reeds Run. 



"During the i»rosecuti(»n<»f Held work in 1902. the writer wns on the Smith farm, and, being informctl 
that a wound well for gas wan crmieniplated, advise<i strongly against further drilling, as the theory 
:>f the aecumiilatirm of gas pointed against the probability of there being any quantity of it in the Im- 
mediate vieinity. 

Bull 25t>—ihi .5 
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DISPOSAL OF (JA8. 

Gas produced in the fields of this quadrangle is carried by pipe lines 
to more or less distant markets. The Indiana County Gas Comimny 
pipes gas from the Willet and Plum Creek fields to the towa of 
Indiana. 

The Philadelphia Ck>mi)any's main trunk line from Pittsburg to the 
Armstrong County field is a 20-in(»h pipe line which crosses Crooked 
Creek on the Banks farm at the big bend, and thence running north- 
ward ends on the Wra}' farm at Rockville in Kittanning Township. 
Branches from this point to the Say farm and other fields are 8 and 10 
inch lines. 

The Peoples Natuml Gas Company's trunk pipe line from Pittsburg 
to this part of Armstrong County sends tributaries to nearly all pro- 
du(»tive portions of the northern pai*t of the quadrangle. This com- 
pany has a pump station on Crooked Creek Ijelow Girty which is 
supplied by 58 of its own wells and 5 Iwlonging to the Indiana County 
(ias Company. This string of wells is held in reserve much of the 
time, but when in use they yield between 7,(XK),000 and 8,000,()0(^ 
cubic feet of gas per day. The gas is consumed in Pittsburg and 
surrounding towns for domestic and manufacturing purposes. 

A 10-inch branch of the Carnegie Natuml Gas Company's IB-inch 
main trunk line from Pittsburg extends to the vicinity of Coi'hran 
Mills. The pump sUition, located at Bagdad on Kiskiminitas River, 
is now handling about 5,000,(K)0 cubic feet of gas dailj^ from forty -five 
producing wells. The gas produced by this company is consumed in 
the Edgar Thomson, Homestead, and Duque^ne steel works. 

The Pittsburg Plate (ilass Company, largely interested in the Rock- 
ville field, pii)es its gas to its own plant at Ford City. The ga» is 
taken through an 8-inch line to the pump station at Copes Mills. The 
main supply of this company is brought from north of Cowanshan- 
nock Creek. 

A branch from the Apollo Gas Company's main trunk line, which 
extends from Vandergrift Mills, Vandergrift, Pa., northward through 
Armstrong County, runs from Dime post-office to the Shellhammer 
field at Mateer, where the company has two pump stations. With the 
exception of the amount used for domestic consumption at Vander- 
grift, the company's entire supply of gas is furnished for manufactur- 
ing purposes to the American Sheet and Tin Plate Company at 
Vandergrift, Hyde Park, and Leechburg. 

Many dwellings in the northern part of the quadrangle ai'e lighted 
and heated by natural gas. At some farmhouses not only is gas 
burned in the range and fireplaces but it is used for heating the brick 
oven, and burned as a torch in the yard all night (PI. XII, A). 
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LIST OF DEEP WELLS. 



Deei» \cfUs in Elders Ridge quadrangle. 



No. on 
map. 



1 I 

2 ' 

^ I 

3; 
4 ! 
5 

I 

6 

I 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 



Name of well. 



Owner. 



Approxi- 
mate 

elevation 
above 

soa level. 



Depth 
of well. 



Heilman, Isaac Philadelphia Co 

King, George do 

McClune, Samuel do 

Campbell, Daniel do 




Robinson, No. 2 

Robb, T. K 

Walker 

Crownover, J. T 

Kerr, Jacob 

Robinson, No. 1. 

Jones, Thomas 

Hcilman, Louis ' do 

Briney I Philadelphia Co 

Nolder, Martin ; do 

Campbell, William ' do 

Cravener, A ndrew Pittsburg Plate Glass Co 

Schaeffer, Salina ' do 

Blaney, J. A Philadelphia Co 



Pittsburg Plate Glass Co. 
....do 



.do 
.do 
do 



Boarts, Ed 

Schall, L. H 

Kealor, Anthony 

M(£7ullough do 

Heffelfinger, J. F., No. 3....J Pittsburg Plate Glass Co, 

Louden, Matthew ; Philadelphia Co 

Wilcox, John 

Crim, J. R., No. 1 Philadelphia Co 

Schall, Savander ' do 

Schall, G. A ' do 

Hcilman, Henry do 

Heilman, Rueben do 

Crim,J. R.,No. 2 do , 

Hankey, R. L.,No. 1 

Heffelfinger, G. W. ? Philadelphia Co 

Schall, L. & S Pittsburg Plate Glass Co. 

Hankey, Ben, No. 1 do 

Hankey do 

Hankey, Tom, No. 2 do 



1 
1 
1 
1 
1 
1 
1 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1, 

L 



150 
090 
020 
020 
000 
100 
180 
020 
120 
880 
050 
100 
030 
100 
290 
300 
250 
370 
140 
290 
160 
120 
160 
230 
200 
200 
190 
050 
040 
175 
200 
250 
150 
080 
250 
325 
280 
300 



1,907 





1,939 


1,946 


1,970 


1,891 


1,932 


1,829 


2,002 


1,975 


2,016 


1,618 


1,360 


1,960 


1,858 


1,770 


1,420 


1,871 


1,899 


1,894 


1,315 


1,324 


1,925 


2,005 


1,987 


l,9a5 


1,468 


1,495 



1,665 
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Deep ivells in Elders Ridge (juadrangle — Continued. 



No. on 
map. 



39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

m 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 



Name of well. 



Owner. 



Approxi- ! 

electron ^'^% 
above *"^*^"- 
sea level. 



Pittsburg Plate Glass Co. 



Pittsburg Plate Glass Co. 
do 



Hankey, Tom, No. 1 

Hankey, R. L.,No. 2.. 

Heffel finger, Jackson, No. 2 

Heffelfinger, Jackson, No. 1 

I 

Heffelfinger, Jackson, No. 3 . | do 

Waltonbaugh, Isaac ' Philadelphia Co 

Crownover | Pittsburg Plate (5 lass Co. 

Spangs, Oliver 

Altman, Amos 

Altman, Sarah ' Pittsburg Plate Glass Co. 

Spang, Isaiah Philadelphia ( -o 

Riggle, Mary ! Carnegie Natural Gas Co 

Higgle, Thomas do 



Carnegie Natural Gas Co. ? . . 



Pittsburg Plate Glass Co . 
Carnegie Natural Gas Co. 



Robb, Jacx)b do 

Wingard do 

Myers, No. 1 

McConnell heirs. No. 2 

Myers, No. 2 | Pittsburg Plate Glass Co . 

McConnell heirs, No. 1 Carnegie Natural Gas Co. 

Nell, John do 

Slease, (George Philadelphia Co.? 

Hankey, William do 

King, H. A Home Co 

Schaeffer, K. E Conemaugh Gas Co 

Davis, (ieorge 1 Philadelphia Co 

McKee, Jos., No. 1 do 

McKee, Jos., No. 2 do 



1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1 



Smith, Absalom 
Young, Peter . . 
Dunmire, J. R . 



do 
do 
do 



C-t^ssna, Adam Peoples Natural Gas Co 

Elgin, H. H do 

St. Clair, William ■ Philadelphia Co 

Ormond, John, No. 2 Peoples Natural Gas Co 

Rupp & Hemphill, No. 1 Philadelphia Co 

Rupi) <& Hemphill, No. 2 do 

Rupp & Hemphill, No. 3 do 

8av, 8. R do 

Say, A. h do 



,200 

,290 

,300 

,340 

,180 

,170 

,030 

,190 

,130 

,110 

,100 

,060 

,050 

880 

960 

990 

850 

850 

960 

1,000 

1,060 

1,150 

1,195 

1,060 

910 

980 

1,050 

1,150 

1,050 

1,160 

1,220 

1,470 

1,260 

1,380 

1,410 

1,225 

1,220 

1,310 

1,270 



' 1,406 

1 


' 1,480 


2,060 


1,871 


1,835 


1,095 

1 


i 

i,:^88 


1,765 


1,865 


1 1,201 


1,318 


1,206 


1 1,187 


1,420 

j ..... . 


1 
2,819 


1,528 

1 


1 

1 ..... . 

1,281 

1 


i,a58 


1, 220 


' 1,811 


' 1,480 


1,680 


1,680 


1,550 


1,551 


1,386 


1,565 
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Deep wells in Eldern Ridge quadrangle — Continueil. 



No. on 
map. 



78 
79 
80 
81 
82 

8;^ 

84 
85 

m 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 



Name of well. 



St. Clair 

St Clair, Milton .... 

Crawfortl 

St. Clair 

Blaiiev, J. A 

Hemphill, Archil>al<l 

Shetler, H 

Boyer, T. &F 

Gibson, L. C 

Small, George 

Winganl, Jacob 

Mclntvre, E<i 

Rearick, Alex 

Reefer, N. & W 

Chrias, Nicolas 

Reefer, Nicolas 

Reefer, Jacob 

Reefer, Henry , 

Graff, Samuel 

Bier, George.... 

Hotham, William 

Nelson, Mrn., No. I.- 
Nelson, Mrs., No. 2.. 

Cribbs, Michael 

Kaufman, Nicholas. . . 
Dick, P. AD 



Owner. 



Pitteburg Plate Glass Co. 
Peoples Natural Gas Co . 

Home Co 

do 

Philadelphia Co 

do 

F:afitern Oil Co 

do 



Peoples Natural (ias Co 

Eastern Oil Co 

Peoples Natural Gas Co 

Philadelphia Co 

...do 

Peoples Natural Gas Co 

Philadelphia CJo 

....do 

....do 

....do 

Peoples Natural Gas Co 

....do 

....do 

....do 

....do 

....do 

Philadelphia Co 

Gibson, L. ('. , No. 2 Peoples Natural Gas Co 

Gibson, L. C., No. 3 do 

Yount, Anilrew, No. 2 | Philadelphia Co 



MePheryon, No. 2 

McPherson, No. 1 

(Tiljs<m, L. C , No. 1 

Clark, Alex., No. 1 

Clark, Alex., No. 2 

Gibson, L. C. , No. 1 

Sturgt^on, W. H 

Yount. Andrew, No. 1 

Yount, William Peoples Natural Gas Co 



do 

do 

Peoples Natural Gas ('o . 
Philadelphia Co 

Pittsburg Plate (ilass Co 

Philadelphia Co 

do 



I 



Approxi- 
mate 

elevation 
above 

sea level. 



Eyler, No. I 



do 



265 
350 
080 
140 
250 
200 
240 
200 
180 
130 
430 
300 
170 
100 
090 
270 
100 
160 
075 
280 
210 
250 
170 
120 
310 
260 
260 
260 
260 
280 
340 
210 
280 
220 
250 
320 
425 
,340 
K220 



Depth 
of well. 



2,006 
1,750 



1,515 



1,870 
1,620 
2,003 
1,893 
1,211 

2,965 
1,881 
2,169 
2,943 
2,050 
1,515 
1,504 
1,510 
1,505 
1,635 
1,580 



1,680 
2,126 
1,653 

1,665 

1,595 
2, 101 
1,770 
1,660 
1,515 
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Deep ivdls in Elders Ridge qaadrangle — Continued. 



No. on 
map. 



117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 

145 ; 

146 

147 
148 
149 
150 
151 
152 
153 
154 
155 



Name of well. 



Roeborough 

McCulIough, W. D.. 
Strickland, CD.... 

Turner 

McCulIough, Eliz . . . 

Peterman 

Rankin, Harvey 

Frick, Simon, No. 2 . 
Rowland, John F . . . 

Smetzer, A 

Smith heirs 

Keener, R. M 

Frick, Simon, No. 1. 
Walker, Eliz., No. 2 



Owner. 



Peoples Natural Gas Co 1 

.do 1 

do 

Philadelphia Co 

do 

Peoples Natural Cias Co 

Philadelphia Co 

Peoples Natural Gas Co 1 

do 

do 

do 



Approxi- 
mate 

elevation 
above 
level. 



Depth 
of well. 



.do 
do 
do 
.do 



Peoples Natural Gas Co 

....do 

....do 

....do 

Indiana County Gas Co 
....do 



Harmon, A. C 

Ralston, W. M r Philadelphia Co 

Clark, William, No. 1 Peoples Natural Gas Co 

Kimmel, J. B., No. 1 do 

Clark, William, No. 2 do 

McCracken 

Herron, Mrs. M. T 

Frailey heirs 

Herron, John C 

Kimmel, J. B., No. 2 

Ralston, No. 1 

Clark, H. A 

Beatty heirs ■ do 

Boyer, No. 1 do 

Boyer, No. 2 | do 

Croy le, Ralph ''< 

(iristniill well, near Gastown 

Ramsey Peoples Natural (^as Co 

Bracken, Samuel j do 

Snyder, John ' Indiana County Gas Co 

Peterman, No. 1 j do 

Miller, B. M., No. 2 ' do 

Miller, B. M., No. 1 1 do 

Miller, George do 

Speedy heirs do 



180 
180 
300 
170 
270 
260 
400 
390 
120 

no 

080 
210 
260 
060 
040 
090 
110 
035 
000 
980 
990 
230 
050 
990 
050 
100 
170 
090 
170 
190 
995 
050 
260 
340 
360 
120 
130 
140 
235 



2,405 
1,450 
1,640 
1,800 
1,814 
1,285 



1,380 


1,170 


1,100 


1,475 


1,972 


1,325 


1,435 


1,435 


1,765 


1,520 


1,460 


1,665 


1,175 


1,390 


1,165 


1,220 


1,120 


1,220 


1,825 


3,025 


1,620 


1,360 


1,155 


1,187 


1,200 


1,245 



NATUKAL OAS WELLS. 
Dmp welU tn Sderi Ridge quadrangle — Continoed. 



Lohr, No. 2 

Lohr, No. I 

Altemna, T. J 

Repine 

Kelly, No. 5 

Kelly, No. 2 

Kelly, No. 3 

Kelly, No. 6 

Kinnard (?) 

McKe*, F. T 

FareWr, D 

Milter, Addieon.. 

FiflcuB, Jame« 

I Davi!>, Ja(rki<i)n — 



Indiana County Gaa Co. . 



1,270 
1,100 , 
1,040 . 



1,090 ■ 
1,250 



De«hong, James, No. 2 

Deehong, James, No. 1 

Flickinger, J. F., No. 1 

Flickinger, J. F., No. 2 

Kinnard. B. F 


do.. 




do 

do 

Peoples Natural Gai Co 








McCorraick, Mary 






Peoples Natural Gas Co 




















...do 


do 






Riffer, David, No. 1 




Rifter, David, No. 2 

Ritter, David, No. :) 


do 


Rearick 








Shell hammer, Daniel 


Apollo Gaa Co 



1,130 
1,020 I 
1,120 



1,040 


1,225 


1,220 


1,650 


1,000 




910 


WO 


910 




930 




1,040 


1,421 


1,100 


1,452 


1,130 


1,50« 


1,000 




1,050 




1,060 




1,080 


1,4447 
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Deep wells in Elders Ridge quadrangle — Continued. 



No. on 
map. 



195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 

218 

214 

215 

216 

217 

218 ! 

219 

220 

221 

222 

223 

224 

225 

226 

227 

228 

22i) 

230 

231 

232 

233 



Name of well. 



Shellhammer, Daniel. 

Eakman(?) 

Higgle, P. T 



.do 



Owner. 



Apollo Gas Co 

Pittsburg Plate (tlass Co. 



Porter I Peoples Natural Gas Co. 



do 

Higgle. 



do 



Clark, J. W., No. 2 Apollo Gas Co. 

Clark, J. W., No. 1 do 



.do 



Ramaley 

Hauser 

Klingensmith, No. 1 ■ Apollo Gas Co. 

Altnian, Foster 

Klingensmith, No. 2 Apollo Gas Co. 

Waltonbaugh, Mrs : do 

Knappenberger do 

Smith 



do 
do 



Klingensmith Apollo Gas Co, 

Miller, Emma 



.do 



Marshall 
do.. 



do 



Dible, Samuel , Carnegie Natural Gas Co 

Lunderstead 

Cochran, George 

Chambers 

Howell 

Heasley 



Carnegie Natural Gas C'o 



Peoples Natural Gas (^o 



Approxi- 
mate 

eleTation 
above 

sea level. 



Dice, T. M., No. 1 ■ Cqnemaugh Gas Co 



Dice, T. M., No. 2. 
Pierce , 



.do 



Kirkland, J. G., No. 1 

Kirkland, J. G., No. 2 

Matson, Amanda 

Miller, Mary INoples Natural Gas Co. 

Painter (?) 



090 
200 

2:^ 

220 
150 
090 
150 
050 
070 
100 
030 
060 
070 
150 
000 
980 
100 
170 
300 
250 
190 
190 
200 
220 
240 
405 
370 
400 
390 
290 
350 
180 
080 
920 
300 
070 
120 
070 
200 



Depth 
of well. 



1,464? 



1,515 



1,523 
1,536 
1,572 



1,362 
1,372 



2,180 



1,410 

1,524 
1,600? 
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Deep wells in Elders Ridge qaadrangh — Continued. 



No. on 
map 



2M 
2a5 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 

262 I 

263 I 



Name of well. 



King, W. G., No. 2. 
King, W. G., No. 1. 

Dever, Joseph 

Orr,W.C 

Blakley, Hugh 

Smith Bros 

Smith heire 

Nepshell, George. . . 



Scott(?) 

Amment (?) 

Bowser (?) 

Kunkle, Lewis, No. 1 . 
Kimkle, Lewis, No. 6. 
Kunkle, Lewis, No. 2, 

Martin, W. P 

Martin, Daniel (?).... 

Deemer, Philip 

Fass, Andrew 

Wright, C. A., No. 3.. 
Wright, C. A.,No. 1.. 

Bier, Herman 

Guthrie, William 

Salina 

A vonmore 

Sheet Steel Mill 

Dunlop 

Stahl, Geo. W 

Jacksonville 

Uncafer, Augustus 



Owner. 



Ford City Gas Co. 
do 



Home Co 



Peoples Natural Gas Co 

Home Co 

£quitable Gas Co 



Equitable Gas Co 

do 

do 

do 



Apollo Gas Co 

Equitable Gas Co 

do '., 

do , 



Kier Fire Brick Co. . 
Home Co 

Apollo Gas Co 

Equitable Gas Co. . . 
Conemaugh (las Co. 
Saltsburg Gas Co . . . 
Conemaugh Gas Co . 



Approxi- 
mate 

elevation 
above 

sea level. 



950 
990 
1,040 
1,280 
1,085 
1,160 
1,280 
1,490 
1,150 
1,130 
1,080 
1,080 
1,080 
1,090 
1,080 
1,220 
1,250 
1,240 
1,350 
1,400 
1,280 
1,400 
1,250 
810 
840 
860 
1,300 
1,420 
1,170 
1,360 



Depth 
of well. 



1,620 



2,322 
2,707 
2,078 



1,236 



1,245 



1,528 
1,593 
1,602 



2,172 
1,545 
2,018 
1,930 
1,992 



OIL. 

A ti*ace of oil has been detected at various horizons in a number of 
wells drilled in this quadrangle, but only one well is producing and 
that in very small quantity. It is located on the St. Clair farm (No. 
81), a quarter of a mile east of Whitesburg, on the axis of the Apollo 
syncline, and is said to spray one barrel of oil every two days. The 
gas has a minute pressure of 2 pounds, and a rock pressure of 70 pounds. 
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LIMESTONE. 

There are several thin beds of limestone and two heavy ones in the 
formations exposed in the area under discussion. It happens that the 
lowest rock in the geologic column here exposed is the Vanport 
limestone, which outcrops at two points on Crooked Creek, and the 
highest is the Benwood limestone, which crowns the hills at Elders 
Ridge. 

The Vanport limestone occurs below the lower Eittanning coal and 
fire clay, from which it is separated by sandstone. The limestone is 
usually compact and brittle, and has a grayish color; it is of good 
quality through its entire thickness, which is from 8 to 10 feet on 
Crooked Creek. As seen near the '•'Loop" it is very fossiliferous, 
containing a marine fauna consisting principally of crinoids, brachio- 
pods, and lamellibranchs. Throughout western Pennsylvania this 
limestone universally contains less than 2 per cent of magnesium car- 
bonate. The insoluble siliceous matter is likewise low, while the pro- 
portion of calcium carbonate is high. The stone has been used for the 
manufacture of Portland cement. For this cement a limestone must 
carry less than 5 per cent of magnesium car)x>nate and at least 75 per 
cent of calcium carbonate, and in an ideal cement limestone the pro- 
portion of silica to alumina plus iron should be 5:2. However, as 
this ratio can usually be obtained by mixing with other raw materials, 
it is not necessary that the stone should possess such a silica-alumina 
ratio. This limestone also makes excellent ballast, road metal, flux, 
and fertilizer. 

An analysis of this stone, from Girty, made by Mr. McCreath, shows 
the following chemical composition:'' 

Analym of Vanj)ort limestone ai Oirty. 

Per cent. 

Insoluble residue 2, 100 

Calcium carbonate 94. 185 

Magnesium carbonate 1. 483 

Alumina and ferric oxide 2. 089 

Phosphorus 031 

The Johnstown limestone, which lies under the Upper Kittanning 
coal and is seen a few feet above the creek at Cochran Mills, contains 
high percentages of magnesia, silica, and other impurities and is wholly 
unsuited for Portland cement, although it will make natural cement. 
A peculiarity of this limestone is its great variation in the amount of 
calcium carbonate, from 30 to 92 per cent, and of magnesium carbon- 
ate, from 1 to 30 per cent. A specimen taken from the M. Davis 
property at Cochran Mills was analyzed by Mr, McCreath with the 
following results:* 

« McCreath, A. S., Second Geol. Survey of Pennsylvania, Rept. H5, p. 64. 
t> McCreath, A. S., Second Geol. Survey of Pennsylvania, Rept, H6, p. 67. 
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AndLyBis of Johnstovm limesUme at Cochran Mills. 

Per cent. 

Insoluble residue. 23. 840 

Calcium carbonate 53. 750 

Magnesium carbonate 9. 989 

Ferric oxide and alumina 7. 730 

Phosphorus 131 

This stratum, as seen on Crooked Creek, is not more than 3 feet 
thick, and is from 2 to 8 feet below the Upper Kittanning coal. 

The Lower Freeport limestone is a thin bed, variable both in occur- 
rence and in amount of impurities, and can generally be little depended 
on for economic purposes. It was not noted in this quadmngle. It is 
reported at many points in southwestern Pennsj'lvania, but probably 
is not persistent for long distances, and is not known to have at any 
place a greater thickness than 5 feet. 

The Upper Freeport limestone is occasionally of workable thick- 
ness, and usually of considerable purity. It underlies the Upper 
Freeport coal, and throughout the Allegheny Valley is usually less 
than 6 feet thick. The majority of the analyses made by the Second 
Survey show a small percentage of magnesia with about the right pro- 
portions of iron, alumina, and silica to qualify it for a good flux or 
Portland cement. Two analyses are given below. One specimen was 
from Rev. S. Brown's quarry, H miles southwest of Willet at the 
mouth of Sugarcamp Run and therefore in the valley of the South 
Branch of Plum Oeek, less than a mile east of the boundary of the 
Elders Ridge quadrangle. The other was from Hazlett's quarry 2 
miles south of elacksonville. In lK)th cases the limestone was com- 
pact, brittle, and bluish gray, with subconchoidal fracture. 

Analyses of Upper Freeport limestone. 



Insoluble residue 

Calcium carbonate 

Magnesium carbonate 

Ferric oxide and alumina. 

Sulphur 

Phosphorus 



iPlum Creek. 

Percent. 

6.021 

84. 125 

5.198 

3.220 

.073 

.014 



Jackson- 
ville. 



Percent. 

5.430 

89. 821 

1.801 

1.700 

.133 

.027 



The Pittsburg limestone underlies the Pittsburg coal at an interval 
of 10 to 15 feet and is several feet thick. It is confined to the south- 
ern half of the quadrangle. This stone is burned for lime on a num- 
ber of farms and is used for fertilizer. It is quarried for this purpose 
in a small way on the Simon Towusend farm east of Olivet. It seems 
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to be of a moderate degree of purity, as shown by the following analy- 
sis niade from a sample taken at A. H. Fulton's quarry, West Lebanon : 

Aiuilym of PUtsburfj limedone at Wed Ijehanon, 

Per cent. 

Insoluble residue 10. 327 

Calcium carbonate 82. 768 

Magnesium carbonate 2. 876 . 

Ferric oxide and alumina 2. 830 

Sulphur 156 

Phosphorus Oil 

The limestone at this point is generally compact and brittle, with 
irregular fracture and bluish-gray color. It is seamed with bluish- 
black limestone. 

The Sewickley limestone in general is obscure. According to Piatt 
it is exposed in the cliifs on the north side of Kiskiminitas River at 
Hicksville, and is about 6 feet thick. It is about 85 feet above the 
Pittsburg coal and a few feet below the Sewickley coal. The rock is 
seen in the ravine below Mr. Ewing's house near Olivet, and has l>een 
quarried there. The only available analysis of the limestone in this 
region is of a sample from Robert Smith's quarry, 2 miles northeast 
of Blairsville: 

Analym of Sewickley limestone^ Indiaiux County. 

Per cent. 

Insoluble residue 12. 160 

Calcium carbijnate 79. 821 

Magnesium carbonate 3. 601 

Ferric oxide and alumina 3. 020 

Sulphur 117 

Phosphorus 018 

The Benwood limestone, which occurs about 80 feet above the 
Sewickley coal in this (|uadmngle, caps a number of rounded knol)s 
near Eldei*s Ridge. It consists of several layers separated by varia- 
ble intervals of shale, the whole deposit being not less than 25 feet 
thick. The limestone strews the surface where it outcrops with small 
pieces of grayish nonfossiliferous rock. Calcined, it makes strong 
lime, excellent for fertilizing purposes. The rock can be quarried at 
little expense, no stripping being required. Nothing is known of its 
chemical composition in this region. 

Further information concerning the limestones of western Pennsyl- 
vania is contained in Bulletin No. 249, by Mr. F. G. Clapp, to whom 
the author is indebUnl for some of the above statements on this subject. 

SANDSTONE. 

Sandstone suitable for building purposes occurs in several localities 
within the Elders Kidgo (juadrangle. The princi|)al beds are the Kit- 
taiming, Freeport, and Butler of the Allegheny fomiation, and the 
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Mahoning, Saltsburg, Morgan town, and Connellsville of the Cone- 
maugh formation. These sandstones are mostly gray and buff and 
vary from soft and loose textured to hard and (compact roeks. But 
few stone buildings have been constructed within this area, so the 
durability of the dressed stone is not known. The Kittanning, Free- 
port, and Butler sandstones are conspicuous in the bluffs on Crooked 
Creek below South Bend. The Kittanning sandstone was quarried at 
Girty many years ago for flagstones and tombstones. It separates easily 
into large smooth layers from 1 to 5 inches thick. The Mahoning is 
particularly heavy at Jacksonville, and forms the top of the bluff at 
Cochran Mills. The Saltsburg is well developed in the vicinity of 
Lewis ville and Salina and on the ridge between Ijong Run and Roaring 
Run. A heavy sandstone which seems to be at the horizon of the 
Morgantown is conspicuous on the hilltops in the extreme northeastern 
corner of the quadrangle, and in the vicinity of West Lebanon. 

Fifty feet below the Pittsburg coal a fairly heavy sandstone is often 
seen in this quadrangle. This is at the horizon of the Connellsville, 
and is the highest sandstone in the area except the Pittsburg, which is 
not strongly developed here. 

CLAYS AND SHALES. 
FIRE CLAY. 

Two beds of fire clay in the Allegheny formation are known to be 
of some value. They are the Upper Freeport and Lower Kittanning 
clays. The first of these lies a few feet below the Upper Freeport 
coal and is known as the Bolivar clay. The type locality is Bolivar, 
on the Conemaugh River, where the clay occurs from 10 to 20 feet 
below the Upper Freeport coal and is worked extensively. This clay 
is mined at Salina on the Kiskiminitas River by the Kier Fire Brick 
Company. The following statement regarding the industry at Salina 
is taken from the Annual Report of the Pennsylvania State College 
for 1897, with corrections to date. 

The mine and works of the Kier Fire Brick Company are located at 
Salina, on the West Pennsylvania Railroad, on the south side of Kis- 
kiminitas River. They are among the oldest in the State, having been 
established in 1845, nearly sixty years ago. The Pittsburg office of 
the company is in the Stevenson Building. The company manufac- 
tures high-grade fire brick. It has lf> kilns and a daily capacity of 
30,000 brick, employing 100 men and boys at the works. Pittsburg 
is the chief market, but shipments are made to Cleveland, the Boston 
Navy-Yard, and other points. 

The clay used is taken from the company's own mine at the works. 
It is from the same geologic horizon as the Bolivar clay. The dip of 
the strata is to the eastward, and the drift from which the clay is 
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taken runs down the fii'st hundred feet at an angle of al>out 15^, then 
changes to a more nearly horizontal position. The mine now extends 
probably lower than the bed of the river, and it is necessary to pump 
out the water. As the main heading follows the dipof the rock and 
the rooms bmnch off at a slight upgrade, the pumping can all be done 
from one point, the end of the main heading, and the rooms are all 
comparatively dry. 

The clay varies from 6 to 13 feet in thickness, including both the 
hard flint clay and the soft plastic clay. The variation in the thick- 
ness of the flint clay is even more marked than that of the entire bed, 
varying in some places from a thickness of 12 or 13 feet to 2 or 3 in 
the same room. In some places it lies underneath the soft clay and in 
some places on top. The flint clay is of good quality, in most places 
quite clean, but in some spots it contains iron-ore balls in considerable 
numbers. As the ore balls are generally black, or nearly black, and 
much heavier than the clay, they are readily detected and picked from 
the clay by hand. 

An average of five analyses of the clay at Salina^ is as follows: 

Atyerage analym of Bolivar fire clay at Salina, 

Percent. 

Silica 61.148 

Alumina 31.216 

Protoxide of iron 1, 768 

Titanic acid 1.668 

Lime 624 

Magnesia 323 

Carbonic acid 511 

Alkalies 1,073 

Water 10.815 

Total 88.936 

STONEWARE CLAY. 

On Crooked Creek, just above Girty, the geologic section is as 
follows: 

Sedio7i at Girty, 

Feet. 

Sandstone, used for flagstones 25 

Shale and clay 1 

Ix)wer Kittanning coal 2} 

Clay, impure 4 

Potter' 8 clay 4 

Shales, ferruginous 25 

Vanport limestone 7 

Crooked Creek 

68} 



a Second Geol. Survey of Pennsylvania, Rept. H6, p. 14. 
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The clay, which occurs a few feet below the Lower Kittanning coal, 
is white, of fairly good quality, and from 3 to 5 feet thick. Judging 
by the quality of the articles uiade from it, this is properly a stone- 
ware clay. Apparently it exists in some abundance and can be raised 
at little cost. The present method is stripping where the bed is from 
2 to 4 feet below the surface. The McNees & George pottery at Girty, 
which has been conducted in a small way for twenty -five years, uses 
this clay, taking its supply from the south bank of Crooked Creek, 
a mile above Girty, on the W. A. Colemaii farm. The industry can 
not be greatly enlarged, because there is no railroad at this point. 
The stoneware articles made at this pottery are crocks, jugs, and pump 
tile (PI. XII, B\ all of which are much esteemed in the neighborhood. 

SHALE. 

Fine-textured and homogeneous de{X)sits of shale are of widespread 
occurrence in the Conemaugh formation, and outcrop over a large 
part of the area under discussion. These shales are not utilized, but 
they seem to offer a field worthy of investigation. Homogeneous 
deposits of fine-textured, moderately fusible, and fairly plastic clay 
shales are available, not only for the manufacture of building brick, 
but for making paving brick, and many other uses to which clay is 
applied. In connection with limestone, suitable deposits of shale are 
a possible source of raw material for the manufacture of Portland 
cement. 

WATER. 

The drainage system extends to all parts of the quadrangle, so that 
running water can be found within a short distance of any point. The 
largest stream is Kiskiminitas River, which has a width of about 500 
feet but is very shallow at many points. The other waterways are 
classed as creeks and runs. 

This quadrangle is distinctly a rural district, devoted to agriculture, 
and, as is usual in such cases, the supply of water is drawn almost 
entirely from shallow wells and springs. It may be stated that in 
general springs are numerous, and water may be obtained at almost 
any point by sinking a well from 10 to 30 feet below the surface. 
Water troughs are located commonly at the roadside springs. 

Among the rocks which are known as good water bearers are the 
Mahoning sandstone, which lies just above the Upper Freeport coal 
and outcrops over a great part of this quadrangle, and the Pittsburg 
sandstone, which overlies the Pittsburg coal and is found in the south- 
ern portion of the quadrangle between Long Run and Blacklegs Creek. 

The village of Avonmore, which has a population of about 700, 
derives its water supply from wells sunk in the sands and gravels of 
the river terrace on which it is built. Elderton, which is the next 
largest place, with a population of 300, is dependent on private wells 
sunk to bed rock. 
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GEOLOGY AND PALEONTOLOGY OF THE 

JUDITH RIVER BEDS. 



By T. W. Stanton and J. B. Hatcher.*" 



INTRODUCTION. 

During the summer of 1903 we spent two months together in the 
field study of the Judith River and associated formations of north- 
ern and central Montana and adjacent areas of Canada. The prin- 
cipal results of this work were the accurate determination of the 
position of the Judith River beds jn the Upper Cretaceous section, 
and the removal of all doubts as to the correlation of these beds with 
the Belly River beds of Canada, thus establishing more accurately the 
position of that Canadian formation. These results are offered as a 
slight contribution to the Mesozoic history of the north interior 
region, which is rendered more than usually difficult to decipher 
because land or nonmarine conditions prevailed during- several 
recurring intervals, at least from the Upper Jurassic to the top of 
the Cretaceous. It is our purpose to give somewhat in detail the 
evidence on which our conclusions are based, restricting the descrip- 
tions to the areas which have been actually studied by us and which 
include practically all the known exposures of Judith River beds in 
Montana and the southeastern part of the Belly River area (including 
the bottom and the top of the formation) in Assiniboia. After a cur- 
sory review of previous work on the formations discussed, the local 
outcrops and sections in the different areas will be described. The 
descriptions of the areal and stratigraphic geology will be followed 
by brief accounts of the vertebrate fauna by Mr. Hatcher, of the 
invei-tebrate fauna by Mr. Stanton, and of the flora by Mr. Knowlton. 

Working independently along different lines, we have long been 
interested in the stratigraphic and faunal problems connected with 

a On July 4, 1904, soon alter thla manuscript was finished, Mr. J. B. Hatcher died at his home in 
Pittsburg, after a brief attack of typhoid fever. His death at the early age of 43 years is a serious 
lorn to geology and paleontology, in which the important work he had already done gave promise of 
greater results in the future.— T. W. S. 
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10 THE JUDITH BIVBB BEDS. [bull. 267. 

the Judith River beds, and both of us had previously visited the 
typical are^ near the mouth of Judith River. In 1888 and 185)2 
Mr. Hatcher spent considerable time in collecting vcrtcbi*ate fossils 
from the formation, making only incidental oliservations on the strati- 
graphy of the region. He tmvelcd by wagon road, thus approaching 
the "badlands" exposures of these nonmarine beds from the higher 
divides, where he noticed outcrops of marine Cretaceous shales in such 
locations that he inferred that they might overlie the Judith River 
. beds. He had also noticed similar relations of the outcrops on Willow 
Creek near Musselshell River. The study of the vertebrate fauna led 
him to the conclusion that it is older than the Laramie fauna of the 
uppermost Cretaceous. In the absence of data as to the exact age of 
the underlying formation, all of Mr. Hatcher's observations tended to 
place the Judith River beds well down in the Upper Cretaceous. 

In 1894 Mr. Stanton spent a few days with Mr. W. H. Weed near 
the mouth of Judith River. They traveled by rowboat down the 
Missouri River from Fort Benton to Judith, passing over and study- 
ing the formations underlying the Judith River beds, beginning with 
the Fort Benton shales. Mr. Stanton confirmed the statements of 
previous observers that some of the strata beneath the Judith River 
beds contain a fauna that is elsewhere characteristic of the Montana 
group, or Fort Pierre and Fox Hills' fonnations. He was especially 
impressed by the occurrence, in the upper part of these underlying 
beds, of a zone containing Cardium s^pecioauyn^ Mdctra alta^ Tancredia 
americana^ and other forms which in north-central Colorado are known 
to occur only in the Fox Hills beds immediately beneath the Laramie. 
No l^eds higher than the Judith River were seen, and the view was 
adopted that the Judith River overlies all of the Montana group and 
is referable to the Laramie. When a few days later the overlying 
marine Cretaceous shales were seen in contact with upturned Judith 
River beds near Havre, Mont., their apparent position was supposed 
to be due to faulting, of which there was abundant evidence in the 
neighborhood. 

With these divergent views concerning the age of the Judith River 
beds the writers participated in the renewed discussion on that sub- 
ject during the winter of 1902-3, to which reference will be made 
later. Mr. Hatcher then decided to make a field investigation of 
typical areas of the Judith River and Belly River beds, under the 
auspices of the Carnegie Museum, in Pittsburg, in which he had 
charge of the department of paleontology. Mr. Stanton expressed 
the desire to cooperate in such an expedition, and afterwards arrange- 
ments were made under which the expenses of the joint field work 
were borne by the United States Geological Survey. 



DESCRIPTIVE GEOLOGY, 

THK 8TRATIGRAPIIIC COL.ITMN. 

In order that the review of previous work on the Judith River beds 
may be made intelligible without too much circumlocution, it is neces- 
sary to introduce here a brief account of the stratigraphy of the Upper 
Cretaceous in this region. The principal facb^, with the names of 
the new formations recognized, have been published in a preliminary 
note." 

Bento7i s/udes. — ^The lowest formation studied consists of dark clay 
shales with occasional intercalated bands of sandstone, especially in 
the upper portion. There are also frequent calcareous concretions, 
often of large size, which are usually fossiliferous. This is the well- 
known and widely distributed Fort Benton formation of the Meek 
and Hayden upper Missouri section. The name is derived from the 
town of Fort Benton, on Missouri River about 100 miles above the 
mouth of Judith River, but the original description and especially 
the stratigraphic limits are based largely on exposures in another 
ar^ in Nebraska, where the Benton rests on the Dakota sand- 
stone and is overlain by the Niobmra limestone and calcareous 
shales. In the neighborhood of Fort Benton and in all the region 
now under investigation there is no limestone corresponding to the 
Niobrara, and as there is no evidence of an erosion interval or uncon- 
formity, it is probably represented by shales or sandstones. The 
paleontologic indications are that in this region the Niobrara is repre- 
sented by dark shales not separable stratigraphically from the Benton. 
If this be true the Benton shales of the upper Missouri represent 
more than the formation known by the same name in Nebraska, in 
Colorado east of the Front Range, and at other places, and really 
include the whole of the Colorado group, so that it is more appro- 
priate to call them Colorado shales, as Weed has done in the Fort 
Benton folio. These shales are characterized in their lower portion 
by Inocerarmis laimtics^ Scaplutes warreiii^ and a few other species, 
while toward the top they yield InoceramuA umhonatiis^ /. exogyrmdea^ 
Pholadaniya papyrax^ea^ Scafhites veyitricosxis^ Ba<'ulite8 asper (/), and 
many other forms. The species of Tnoceramu^ and Bacidites occur in 
the Austin limestone of Texas, which is correlated with the Niobrara, 
and some of them have been found in the upper Niobrara shales of 

aSolonoo, n. s., vol. 18, 1903, pp. 211-212. 
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Colorado. The total thickness of the formation is estimated at 800 
feet, but only the upper portion, 200 to 300 feet in thickness, is 
usually seen in the sections examined. 

Kagle /(yrmation, — Immediately above the Benton shales is the 
Eagle formation, which was named by Weed from Eagle Creek. It is 
found along Missouri River for many miles above and below Eagle 
Creek, the exposures being continuous from a point less than 10 miles 
below the mouth of Marias River to the mouth of Arrow Creek. At 
its base it consists of laminated sandstones and shales grading down 
through 30 or 40 feet into the underlying formation, but its most 
conspicuous member is a heavy-bedded or massive, very light-yellowish 
to white cross-bedded sandstone 100 feet or more in thickness, which 
"weathers into cliffs or steep slopes with balcony ledges and striking 
monumental forms capped by ironstone masses." (See Pis. I and II.) 
These striking features of the landscape have been noticed and 
described by all the early explorers of the upper Missouri. In the 
neighborhood of Eagle Butte the sandstone is cut by many igneous 
dikes, which, however, do not cause any vertical displacement. 

Above the massive white sandstone are softer beds consisting of 
alternating sandstones, shales, and many beds and seams of lignite. 
At many localities bands of small, flat, black pebbles occur near the 
top. The total thickness assigned by Mr. Weed to the formation 
along the Missouri is 200 feet, but if the similar lignitiferous beds 
that are predominantly sandstones be included the thickness is 
probably more than 300 feet. This greater thickness of beds that 
can not be consistently separated from the Ekgle formation was 
observed especially on Dog Creek, and at other places in the neigh- 
borhood of Judith. 

At many places the Eagle formation seems to be barren of fossils. 
This is especially true of the thick sandstone member. One locality 
on the Missouri, 7 miles below "Coal Banks," has yielded a few 
species of fossil plants, and a considerable invertebrate fauna has been 
collected, mainly from the upper portion, 5 or 6 miles below the 
mouth of Arrow Creek, and on Dog Creek and elsewhere in the 
neighborhood of Judith. The invertebrates include Cardium specio- 
sum^ Th^ih? circularU^ Mactra alta^ Pluceiiticeras whitfleldi (f), and 
undescribed species of Crenell<i^ Leptosolen^ Baroda^ Phol'ddomya^ and 
Baculites^ all of which show much closer relation with the fauna of 
the overlying beds of the Montana group than with that of the 
Colorado group. This horizon has also yielded a few dinosaurian 
remains, including the type of Ornithmnimns grandis^ which was 
found near the mouth of Cow Creek, where the Eagle formation is 
brought up by faulting. 

The formation has often oeen confused with several other horizons. 
In addition to the areas already mentioned it has been recognized in 
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prominent outcrops on Flatwillow and Willow creeks, on the Yellow- 
stone at Billings, and on Fish Creek near Musselshell River. 

Cldggett /(/rmatloii, — The beds to which the name Claggett forma- 
tion has been given lie above the Eagle formation and below the 
Judith River beds. In the neighborhood of Judith (old Fort Clag- 
gett), where they are well exposed, they have a total thickness of 
about 400 feet and consist largely of dark clay shales with variable 
intercalated bands and beds of sandstone, especially in the upper half. 
The dark shales of the lower part of the formation contain many cal- 
careous concretions, which yield OervUlia horealis^ Bacvlites ovatus, 
Bdoulites compressus^ and a few other forms, elsewhere regarded as 
characteristic of the Fort Pierre. The yellowish sandstone beds 
higher in the formation, especially one about 200 feet from the top 
and another near the summit, are often locally very fossiliferous, and 
bear an invertebrate fauna, of which the most conspicuous species are 
the following: 

Species from upper' part of Claggett formation. 



Mactra formosa. 
Mactra alta. 
Lunatia subcrasea. 
Vanikoropsifl tuomeyana. 
Bacolites sp. 



Tancredia americana. 
Cardium speciosnni. 
Spha?riola? endotrachys. 
Tellina equilateralis. 
Thracia gracilis. 
Liopistha (Cymella) andata. 

This has long been considered a typical "Fox Hills" fauna, and a 
number of its species do recur at the top of the marine Cretaceous 
immediately below the Laramie in Colorado and elsewhere. It is 
now known that some of them also occur as low as the flagle forma- 
tion. The shale exposures of this formation in the neighborhood of 
Judith have been identified as Fort Pierre in previous publications. 
The "lower dark shales" mapped by Dawson on Milk River near 
Pakowki Lake, Assiniboia, are the upper part of the Claggett forma- 
tion. There is usually a gradual transition upward into the Judith 
River beds, so that it is often difficult to determine the exact boundary. 

Judith River heds, — The lithologic and paleontologic features of this 
formation are fully described on subsequent pages. The beds are 
mostly of fresh-water origin, but occasionally contain intercalated 
brackish-water layers, the most persistent of which is near the top of 
the formation. More rarely there are local marine deposits in the 
upper part. The formation is prevailingly light colored and tends to 
weather into "badlands" forms. The thickness near Judith is little 
more than 600 feet. 

Bearpaw nhale^, — ^These shales rest on the Judith River beds, and 
have the lithologic character of the Pierre shales, part of which they 
represent. They consist chiefly of dark clays, which weather into 
rounded slopes and form an "adobe" soil. In certain zones there are 
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numerous calcareous concretions, most of which are fossiliferous and 
and yield a varied invertebrate fauna. Among the more common 
forms are the following: 



Species found in Bearpaw shales. 



Ostrea patina. 
Avicula nebraficaiia. 
Avicula linguiformis. 
Inoceramus sagenflis. 
Inoceraniu8 barabini. 
Leda (Yoldia) evansi. 
Luoina subundata. 
Thetis circularis. 
Callista deweyi. 
Mactra gracilis. 



Liopistha (Cymella) undata. 
Anisomyon centrale. 
Cinulia concinna. 
Anchura americana. 
Baculites ovatos. 
Baculites oompreesos. 
Placenticeras whitfieldi. 
Placenticeras intercalare. 
Scaphitee nodosos. 



This formation is named from the Bearpaw Mountains, around 
whose north, east, and south sides it is well developed. It is evidently 
the equivalent of only a part of the Pierre forniation, which in South 
Dakota, Colorado, and elsewhere is defined to include all the strata 
between the Niobram limestone and the Fox Hills sandstone. Whether 
the Boai*paw also includes the representative of the Fox Hills sand- 
stone has not yet been definitely determined. Its limits are precisely 
the same as those of the beds in Albeila and Assiniboia described by 
the Canadian geologists as ''Pierre-Fox Hills" group, whose thick- 
ness is estimated at 750 feet. The thickness in Montana probably 
approximates the Canadian estimate, but no section where an accurate 
measurement could be made was studied. 

Higher horizons. — Along Musselshell River in the neighborhood of 
Musselshell post-offic/C and between the Musselshell and the Yellow- 
stone north of Billings and Bigtimber the Bearpaw shales are overlain 
by a thick series of beds in which sandstones predominate, with shales 
and several coal-bearing horizons. This series doubtless includes rep- 
resentatives of the Laramie, Livingston, and Fort Union formations 
as described by Weed in adjacent areas. 



HISTORICAIi REVIEW. 

The earliest definite geologic descriptions of the region about the 
mouth of Judith River were by Dr. F. V. Hay den, who visited the 
area in 1854 or 1855," and brought back collections of both inverte- 
bmte and vertebmte fossils. The invertebrates were described bv 
Meek and Hayden in the Proceedings of the Aciidemy of Natural 
Sciences, Philadelphia, beginning in 1856, while the few vertebrate 

a The scenic features «lM)ve Uie mouih of Judith River prcxin(^e<i hy the Ragle sandstone were 
desrril)ed by I.ewis and t'larlc (Kxpedition to the Souri'es of the MisHouri, etc., 1814) and by Prius 
Maximilian zu Wie<l (Keise in doH Innere Nonl-Amerion in den Jahrcn 1832 bis 1884, Coblens, 1839- 
1S41). The latter ^ives excellent illu^trationHof Home of the striking outcropsof the Eagle HUidstoQe 
on />]>». 34, 36, 41, and vignette 18. 
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remains were dcvscribed by Doctor Leidy.'* These joint papers 
by Meek and Hayden, and others written by Hayden independ- 
ently, contain many notes describing the geology of the Judith 
River country and varying opinions as to the age of the beds 
exposed there. The presence of many faults and other disturbances, 
the lithologic similarity of several distinct formations, and the 
apparently contradictory character of the evidence from different 
classes of fossils conspired to make the interpretation of the section 
difficult, and it is not surprising that the necessarily hasty and imper- 
fect examination of the stratigraphy made by Doctor Hayden left 
him in doubt as to the relations of some of the beds, or that he made 
mistakes in attempting to correlate these beds with the Cretaceous sec- 
tion exposed on Missouri River several hundred miles to the east, 
where the lithologic development of some parts of the section is very 
different. The membei*s of that section had not then been named, and 
the formations subsequently called* Dakota, Fort Benton, Niobrara, 
Fort Pierre, and Fox Hills were known as Nos. 1, 2, 3, 4, and 5, 
respectively. 

In these early papers the sandstone now known to form the most 
prominent member of the Eagle formation was doubtfully referred to 
*' No. 1," but from the fossils that are cited it is evident that Hayden 
did not separate the sandstone bands of the Claggett formation from 
the underlying Eagle sandstone. The occurrence of Ilettangia ameri- 
cana (afterwards referred to Tancredia) was especially conmiented on 
because it was believed to be a Jurassic type of shell, though its asso- 
ciation with Bdculites and other Cretaceous types was taken as evidence 
that the horizon was really near the base of the Cretaceous. This 
marine horizon was recognized to bo beneath the nonmarine beds 
whose invertebrate fossils were all described as Tertiary species. The 
vertebrate remains from the same region were declared by Leidy^ 
to be reptiles and fishes of old types, '' which remains, I suspect, 
indicate the existence of a formation like that of the Wealden." At 
that time it was not certain whether the vertebrates came from the 
same horizon as the nonmarine invertebrates or from a lower bed with 
"No. 1," though apparently Hayden's original opinion was that the 
bones and part of the fresh-water MoUusca came from the lower 
horizon and that other fresh- and brackish-wat^r fossils came from 
Tertiary beds in the same neighborhood, as the following quotation^ 
from the first published geologic description shows: 

Some 4 or 5 miles below the mouth of Musselshell River a lower rock — a sand- 
stone— rises above the water level. This is probably No. 1 of the series, No. 2 and 

a Proc. Acad. Nat. 8<'i. Philadelphia, 1856, pp. ?2, 73, |ind Trans. Am. PhiloB. Soi\, vol. 11, 1860, pp. 
I39-1M. 

h Proc. Acad. Nat. Sci. Philadelphia, 1861, p. 419. 
<^Proc. Acad. Nat. Scl. Philadelphia, 1856, p. 73. 
dMeek and Hayden, idem, p. 114. 
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No. 3 not being repreeented here. It is worthy of note that out of two species of 
Madra, two of TelUna, two of Irwceramus, one of PhoUidomya^ two of Naiica^ and one 
BactdUe found in this rock, not one is known to occur in any of the higher forma- 
tions, and some of these species are not unlike Neocomian forms. 

In consequence of the increasing inclination of the strata, this last-mentioned sand- 
stone rises in the vicinity of North Mountain River [Little Rocky Mountain Creek] 
as much as 250 feet above the Missouri. Here, or near this, begins a wild and deso- 
late r^on, known as the Mauvaises Terres or Bad Lands of the Judith. At various 
places in these Bad Lands a sandstone similar to No. I was seen alternating with 
beds of clay and lignite, all of which are upheaved and much distorted. It was 
found impossible to devote to the examination of these formations time enough 
to determine their relations to the Cretaceous and Tertiary strata of this region, 
without running the risk of being cut off from the party and murdered by the 
Indians. Among a few fossils that were collected here, however, Professor Leidy 
finds teeth which he refers to two or three genera of large Saurians allied to the 
IguanodoUj MegaloMuruSy etc. The^e are also in the collection from some of these 
beds one or two species of Unio, o;.e or more of Cyclas or Cyrena, and a few crushed 
specimens of Gastropoda, like Paludirui and Melania. From these facts we are strongly 
inclined to think with Professor Leidy there may be here, at the base of the Creta- 
ceous system, a fresh- water formation like the Wealden. Inasmuch, however, as 
there certainly are some outliers of fresh-water Tertiary in these Bad Lands, we 
would suggest that it is barely possible these remains may belong to that epoch, 
though the shells appear to be all distinct species from those found in the Tertiary at 
other localities in this region. 

In this paper the Judith River invertebrates are described as Ter- 
tiary species. In a subsequent paper published in the same volume^ 
Meek and Hayden again discuss the marine sandstones "^containing 
Bacvlites and Hettaiigia [Tancredid] aniericafia^ and suggest that they 
may be as old as Jurassic, though more probably Cretaceous. Their 
statement is as follows: 

If not older than Cretaceous, we think, from these facts, as well as from the strati- 
grapical position of these beds, they probably represent some of the older members 
of that system. What relation they bear to the formations near the same locality 
in which the saurian remains were found, supposed by Professor Leidy to be allied 
to the genera Igxmnodon and MegcUosaurus, is still an unsettled question. ^ 

In 1857 Hayden published his '* notes explanatory of a map and 
section illustrating the geological structure of the country bordering 
on the Missouri River." Among the " basins of the Tertiary sys- 
tem" he lists'^ the ''Bad Lands of Judith River, which occupy an area 
of 40 miles in length and 15 to 30 in breadth, reposing on a sandstone, 

a Pp. 265-286. 

Mt is noteworthy that in this article the terms "Judith River beds" and "Judith River forma- 
tions" are used in a general, untechnical sense to Include all the formations occurring near the 
mouth of Judith River. In Leidy 's paper of 1860 "Judith River formation" appears in the title 
and in the caption of a section. The term was used rather loosely for some years, and when applied 
Ktrictly to the formation now known by that name it usually took the form "Judith River Estuary 
U-ds." In 1«71 Hayden proposed "Judith group" (Ann. Rept. U. 8. Geol. Surv. Terr, for 1870, p. 97) 
as a formation name. In subsequent papers by Cope, Meek, and others "Judith River beds" was 
u.sod with its present signification. 

<-Pro<«. Aead. Nat. Sci. Philadelphia, 1857, pp. 109-U6. 
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the aj^e of which has not been positively determined." This area is 
colored as Tertiary on the map, and is described as follows: 

This exceedingly interesting deposit occupies a depression in a sandstone forma- 
tion which rises to the water level at the mouth of Little Rocky Mountain Creek 
from beneath the well-known Cretaceous bed No. 4 of the vertical section. It pre- 
sents perhaps the most rugged scenery on the Missouri River, the denudation and 
erosion having been much greater than at the Bad Lands of White River. But 
the most remarkable feature of this basin is the wonderful disturbance of the strata. 
So much are the beds disturbed and blended together by forces acting from beneath, 
that it seems almost hopeless to obtain a section showing with perfect accuracy the 
order of superposition of the different strata. 

A paper by Meek and Hayden in the same volume ^ gives a further 
discussion of the subject and shows that the change of view was caused 
by the study of the invertebrate fauna, which seemed to show close 
relationship with that of the '* Great Lignite basin " near Fort Union. 

A Judith River species of turtle {Trionyx) had also been identified 
in a bed at the base of the "lignitic," which was then regarded as 
Miocene. Their rather guarded statement is as follows: 

We would not for a moment hesitate in regarding the deposits of which we have 
spoken, near the Judith, as Tertiary, were it not for the fact that the saurian and fish 
remains occurring in these beds, as may be seen by reference to Professor Leidy's 
remarks respecting them, are allied to Wealden and older types. 

In the midst of evidence of such a conflicting nature, it is, of course, unsafe to 
express any very positive opinion respecting the age of these formations. At the 
name time we are strongly inclined to the conclusion that they will prove not merely 
Tertiary, but about of the age of the lowest beds of the Great Lignite basin, or i)er- 
haps a little older. We have therefore placed them provisionally along with the 
Tertiary beds in the accompanying section of the Nebraska rocks. 

A generalized section of the Judith River beds 415 feet thick is 
described as follows: 

This secrtion embraces all the deposits, as we believe, seen in the Bad Lands of the 
Judith, in which land and fresh- water shells are known to occur. They appear, as 
near as could be ascertained, to occupy a local basin in a series of marine deposits, 
consisting of beds of sandstone and impure lignite, which we have regarded pro- 
visionally as of the age of No. I of our general section. * 

This view, however, evidently was not in harmony with some of 
Hayden's stratigraphic observations, for when explorations in the 
Black Hills brought to light a fresh-water fauna at the base of the 
Cretaceous section, in beds now generally referred to the Jurassic, the 
opinion as to the age of the Judith River beds was again changed, and 
in a new edition of Hayden's map^ the area was colored a^ ''Creta- 
ceous No. 1," with the statement that the beds mav be the American 



a Pp. 117-148. 

b This section and a general discussion of the geology of the region were also published by Hayden 
In Warren's "Report of explorations in Nebraska and Dakota," In report of Secretary of War, 
1858. reprinted as separate document in 1K75. 

cProc. Acad. Nat. 8ci. Philadelphia, 1858, pp. 18^158. 

Bull. 267—05 2 
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representatives of the Wcalden. A fuller statement by Meek and 
Haydcn"* is as follows: 

The occurrence of these forms at this horizon [in the Black Hills] also leads us to 
suspect that a considerable portion of the estuary beds at the mouth of Judith River, 
above Fort Union, in regard to the age of which we have lieen so much puzzled, may 
l)e, as first suggested by Doctor Leidy, a representative of the Wealden, and as we 
were then inclined to 8upi)ose, belong to our No. 1. 

The close similarity between the lithological characters of these deposits and 
those of some of the Tertiary formations of the Northwest, and the estuary character 
of their fossils, together with t\ye analogy of many of the species of Mollusca found in 
one of the upper beds (which may be an outlier of Tertiary resting on older forma- 
tions), taken in connection with the fact that amongst the fossils collected from one 
of the middle beds (see section p. 124, Vol. VIII, Proceedings, 1857) there were 
some fragments of a Trionyx^ regarded by Doctor Leidy as identical with a species 
occuring in well-marked Tertiary deposits near Long Lake, below Fort Clark, led us 
subsequently to think the whole of these estuary beds near the Judith River might 
possibly be an outlier of Tertiary reposing upon deposits of the age of our No. 1 . 
At the same time, in consequence of the occurrence in them of remains regarded by 
Doctor Leidy as analogous to Lepidotus, Igvanodon, and Megalosaurus, we stated that 
in the midst of evidence of such a conflicting nature, it is unsafe to express any very 
positive opinion respecting the age of these formations. 

Since we know that there is a similar group of beds at the base of No. 1, as we now 
understand it, near the Black Hills, containing a mingling of fresh-water and marine 
fossils — although we are not sure any of them are specifically identical with those 
found near the Judith — we are inclined to think our first views in regard to these 
Judith River formations will prove to be correct, or, in other words, the beds from 
which the saurian remains, described by Doctor Leidy, were obtained, will yet prove 
to be a part of the series we include in No. 1 of the Black Hills section. This view 
receives additional support, too, from the fact that the Judith River fresh-water or 
estuary formations were often seen much upheaved and distorted, while around the 
Black Hills the Tertiary deposits appear to lie undisturbed upon the upheaved older 
rocks in such a manner as to indicate that the last period of disturbance amongst 
the strata of this region occurred after the close of the Cretaceous epoch, but previous 
to the deposition of the Tertiary. 

In 1860 Hayden published* a paper entitled "A Geological Sketch of 
the Estuary and Fresh- water Deposit of the Bad Lands of the Judith," 
which contains perhaps the fullest connected account of the region 
that he printed. The statements as to the stratigraphic position of the 
Judith River beds are somewhat equivocal, but show no definite change 
from the views expressed in the paper last cited. The sandstones of 
the Eagle formation are referred to "No. 1," and some of the sand- 
stones of the Claggett formation are also referred to the same horizon, 
while the shales of the Claggett, which are called '' No. 4," are said to 
rest on No. 1. 

In the following year Meek and Hayden^ published a review of the 
geology of the upper Missouri region as an introduction to a paleonto- 
logic paper. Here they first gave the geographic names Dakota, Fort 

a Ibid., pp. 45, 46. 

b Trans. Am. Phllos. Soc., vol. 11. pp. 12^-138. 

oProc. Acad. Nat. Sci Philadelphia, 1861, pp. 416-447. 
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Benton, Niobmra, Fort Pierre, and Fox Hills groups to the five num- 
bered divisions of their Cretaceous section and called the overlying 
beds near the mouth of the Yellowstone, and lower on the Missouri, 
the "Fort Union, or Great Lignite group," at the base of which they 
placed the Judith River beds. On page 417 the following statement 
is made: 

At the time we published these facts [concerning the fresh- water Jurassic of the 
Black Hills], we were led by the discovery here of fresh-water shells, in such a posi- 
tion, to think that some estuary deposits of doubtful age, near the mouth of Judith 
River, on the Missouri, from which Doctor Leidy had described some saurian remains 
resembling Wealden types, might be older than the Tertiary. Later examinations, 
however, have demonstrated, that the Judith beds contain an entirely different 
group of fossils from those found in the rock under consideration, and that they are 
really of Tertiary age, and hold a position at the base of the Great Lignite series of 
the Northwest. 

Concerning the marine beds near the mouth of the Judith previously 
assigned to " No. 1," the authors say that it would "be unsafe to refer 
them to the Dakota group. 

In another paper, published by Hayden<* in 1861, the Tertiary beds 
of the Northwest are classified as '* first, estuary deposits; second, true 
lignite beds; third, Wind River Valley deposits; fourth. White River 
Tertiary deposits.'' Of the first class he says: 

The estuary deposits, of which the Judith basin may be regarded as the type, are 
quite remarkable and of a most interesting character. Opinions of a somewhat con- 
flicting nature have been entertained in regard to them, owing to the peiruliar charac- 
ter of the organic remains, but recent observations have convince<l me that they are 
all of Tertiary age, and that they are quite widely distributed throughout the Far 
West. 

In the subsequent writings of Hayden there are many brief refer- 
ences to the Judith River beds, in which he constantly referred them 
to the Tertiary, with an occasional expression of doubt as to their exact 
position. There is no record that he revisited the original Judith 
River area after his first observations were made, but when connected 
with the Raynolds expedition of 1859-60* he passed over the same 
horizons and in part recognized them in traveling from the Judith 
Mountains to the mouth of Bighorn River on the Yellowstone. 

Judith group was definitely proposed by Hayden ^ as a formation 
name in 1871 when discussing the Tertiary as follows: 

There is one other basin near the sources of the Missouri which has already 
yielded many fossils of great interest, but which seems to be isolated from the others. 
This is what I have called the Judith basin, and inasmuch as it seems to be one of the 
ancient lake deposits, and characterized by a peculiar group of organic remains, I 
will designate the strata as the Judith group. The sediments do not differ materi- 
ally from those of the Fort Union group, and they contain impure l^eds of lignite. 



a Am. Jour. 8ci., 2d ser., vol. 31, pp. 22^245. 

b Rept.Geol. Expl. of the Yellowstone and Missouri rivers by Dr. F. V. Hayden, 1869. See pp. 12, 
59. 93. and 94. 
e Prelim. Kept. U. 8. Geol. Survey of Wyoming, p. 97. 
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fresh-water Mollusca, and a few leaves of deciduous trees. But the most remarkable 
feature of this group is the number and variety of the curious reptilian remains, of 
which we have only yet caught a glimpse. 

In 1876 the announcement was made independently by Meek** and 
by Hayden^ that the marine sandstones near the mouth of Judith 
River whose position had so long been in doubt had been correlated 
by means of fossils with the Fox Hills. This correlation was based 
on the discovery of a fauna in a sandstone occurring at several locali- 
ties in the South Platte Valley within a few miles of Greeley, Colo. 
The sandstone was referred to the Fox Hills, doubtless correctly, on 
account of its position at the top of the marine Cretaceous and beneath 
the Laramie, and because a large majority of the seventeen molluscan 
species recognized in it were known to be characteristic of the Fox 
Hills elsewhere. With these Fox Hills species there were four forms, 
Tancredia americana^ Cardium speciosiim^ Mactraformosa^ and Mactra 
(dtaj that had previously been known only from the Judith River coun- 
try, in sandstones that we now refer in part to the Claggett formation, 
though part of the species range down into the Eagle. Meek says: 

From this blending together of the Fox Hills species and those of the marine 
Cretaceous beds found at the mouth of Judith River on the Upper Missouri it is evi- 
dent, I think, that we can not be far wrong in regarding the latter beds as holding 
a position at the horizon of the top of the Fox Hills group. 

The correlation was justified by the facts then available, but it is 
now known that some of these littoral species have a vertical range of 
many hundreds of feet and are not distributed throughout that inter- 
val in any one section, but recur whenever the conditions were suitable. 

In Meek's last work, ^ published in 1876, there is an excellent r^sum^ 
of the stratigraphy, in which he says:** 

We have long regarded the Judith River beds as forming a distinct group older 
than the Fort Union deposits. 

He again identifies the beds underlying the Judith River as upper 
Fox Hills, and thinks it highly probable that the Judith River beds 
are Cretaceous, while the Fort Union may be Lower Eocene. 

Prior to this time E. D. Cope had begun his contributions to the 
discussion. In his paper entitled ''Synopsis of the Extinct Batrachia, 
Reptilia, and Aves of North America"* he listed the Judith River 
vertebrate fossils as Upper Jurassic species, probably meaning by that 
the Wealden. In 1874-^ he regarded the Judith River beds as the top 
of the Cretaceous and discussed them under the heading "Fort Union 
or Lignite group." Three years later, after a field season in the area, 

aBull. U. 8. Qeol. and Qeog. Surv. Terr., vol. 1, pp. 39, 40. 
i> Idem, p. 403. 

9 A report on the invertebrate Cretaceous and Tertiary fossils of the upper Biiflsourl country: Bept. 
U. 8. Qeol. Surv. Terr., vol. 9. 
d Page xlvil. 

« Trans. Am. Philos. Soc., vol. 14, 1870, pp. 1-262. 
/BuJJ. U. 8. Oeol. and Qeog. Surv. Terr., vol. 1, No. 2, pp. 6-& 
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C<)ix»" pul)Iished his ''Keport on the Geology of the Itej^ioii of the 
Judith River, Montana/' in which some stratigraphicand paleontologic 
details are given. The fludith River beds are treated as a distinct 
formation, about 500 feet thick, immediately overlying the Fox Hills, 
and the dark shales now included in the Claggett formation are called 
'^ Fort Pierre," while other areas of shales on the Missouri farther 
east, which doubtless overlie the Judith River, are not recognized as 
distinct or in a different position. The white sandstone of the Eagle 
formation is tentatively correlated with "No. 3," or Niobrara, on 
account of its stratigraphic position. Cope's view as to the age of 
the Judith River beds is expressed in the following quotation:* 

The positive evidence, then, as to the age of the Judith River fauna is that it is 
Cretaceous, but, as might be supposed from its position, with some Tertiary affinities. 

I will remark in conclusion that it is probable that the Lignitic formation will 
come to be regarded as a primary division of the Cretaceous, and equivalent as a 
whole to all or part of the older marineseries. It will include as subdivisions the Judith 
River and Fort Union epochs, as already defined by Mr. Meek from the invertebrate 
fossils, and probably the Laramie or Bitter Creek epochs as distinct from them. 

Similar views as to the classification and stratigraphic succession of 
the l)eds were expressed by Edward S. Dana and George B. Grinnell, ^ 
who visited the region in 1875. They spoke of the disturl)ed condi- 
tion of the beds, but erroneously attributed it to the effects of local 
landslides, denying that there were any real faults or uplifts. 

The review given thus far is confined to work on the original area 
in Montana. Meanwhile, however, the area of similar formations not 
far to the north and west in Canada began to be investigated. The 
first paper having any important bearing on the present subject was 
by James Hector'' and was entitled ''On the Geology of the Country 
between Lake Superior and the Pacific Ocean (between the Forty- 
eighth and Fifty-fourth Parallels of Latitude)." He gives a general 
section of the Cretaceous formations, at the base of which he places a 
great lignite- bearing group, including in it all the coal-l)earing strata 
ol>served, although he admits that it may contain two distinct horizons, 
one Upper Cretaceous or Ek)cene and the other Cretaceous in the posi- 
tion assigned to it at the base of the section. His map extends as far 
south as Missouri Kiver, where all the are^is now known to consist of 
Eagle, Claggett, and Judith River formations are colored as the low- 
est member of his section. 

The same region was more fully described in 1875 by Dr. George 
M. Dawson,' who then treated all the coal-l>earing beds as Tertiary 



a Bull. U. S. Geol. and Geog. Surv. Terr., vol. 8, pp. 565-697. 

bidem, pp. 576 and 577. 

cQtiological Report in Ludlow's Rept Reconnaissance from Carroll, Mont., to Yellowstone 
National Park and Return, pp. 97-187, Washington, 1876. 

''Quart. Jour. Geol. Soc. London, vol. 17, 1861, pp. 388-445 and map. 

'BritiHh North American Boundary Commiwdon. Report on the Geology and Resources of the 
Region in the Vicinity of the Forty-ninth Parallel from the Lakeof the Woods to the RAX>ky MoviutsAw;^. 
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and of the same horizon, though he recognized considemble differen- 
tiation in the widely separated areas and made stratigraphic observa- 
tions that suggested a lower position for some of them. He speaks of 
the striking resemblance of the eastern (Souris River) area of Lignite 
Tertiary to the 'Hypical Fort Union," while the badlands south of 
Wood Mountiiin have a somewhat different aspect, and westward from 
this point there is a gradual change until near the Buttes [Sweetgra.ss 
Hills] the appearance is entirely distinct. This western area includes 
the beds that were afterwards described as the lielly River series, whose 
correlation with the Judith River beds is first suggested'* in the fol- 
lowing words: 

Though I have not yet had an opportunity of comparing the fossilfl obtamecl in 
the western marine and brackish- water I)ed8 of the Tertiary on the forty-ninth par- 
allel with those from the Judith River l)e<ls of the Missouri, I have little doubt of 
the identity of the formations. The age of these Judith River beds has long been an 
unsettled question, and they have only lately been included by some geologists with 
the remainder of the Lignite Tertiary and called Cretaceous. Doctor Hayden was 
only prevented from calling them Fort Union Tertiary by the occurren(*e of certain 
vertebrate remains — the meaning of which is now better understood. The litholog- 
ical resemblance between these beds of the line and those of the Judith River is close. 

A few vertebrate fossils are described in an appendix by Cope, who 
calls them Fort Union. Part of them are from Judith River beds on 
Milk River and the others from probably a much higher horizon ne^ir 
Wood Mountain. 

In 1881 Dawson * described the Cretaceous section of the Peace River 
region in Athabasca and named the Dun vegan sandstone, a partly non- 
marine formation, intercalated in the marine Cretaceous, which he 
correlated at that time with the Niobrara and later with the Belly 
River beds. Subsequent descriptions and references by McConnell^ 
and by Whiteaves ^ indicate that its exact position is still uncertain, 
and as it lies far north of the area we have examined it need not be 
further considered except to remark that it may represent either the 
Eagle or the Judith River formation. 

Dawson returned to a more detailed study of the western plains 
immediately north of the international boundary and soon discovered 
that a part of the beds he had previously grouped under the Lignite 
formation as Tertiary really underlies marine Cretaceous shales 
referred to the Fort Pierre. This lower formation was called the 
Belly River series, and in the preliminary announcements*' was corre- 
lated with the Dunvegan, and also doubtfully with the Niobram. In 
the official report just referred to the section shows Laramie at the 



a Pp. IJie. 157. 

<> Ann. Rept. Geol. Surv. Canada, 1879-80, p. 116b. See also Am. Jour. 8ci., 8d Her., vol. 21, pp. 391- 
394, and Canadian Naturalist, new series, vol. 10, pp. 20-22. 

Ann. Rept. Geol. Surv. Canada, 1890-91, n. a., vol. .*), pt. 1, pp. 64-55i). 

dTnins. Roy. Soc. Canada, vol. 11, 1893, sect. 4, pp. 9, 10. 

« Rept. Geol. Surv. Canada for 1880-81 -«2, pp. 1-23B, 1883. Trans. Roy. S(K'. Canada, vol. 1, 1883, sect. 
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top, consisting of the named subdivisions Porcupine Hills, Willow 
Creek, and St. Mary Kiver, succeeded below by unnamed yellowish 
sandstones and shaly beds, with a mingling of fresh-water and brack- 
ish or marine moUusks, still referred to the Laramie. Beneath these 
are Fox Hills and Pierre beds. The lower part of the section, beneath 
the Pierre, is described as follows: 

Belly River series, — Sandstone, shalefl, and sandy clays, generally of pale grayish 
tints. Marine and fresh-water fossils. 

Series apparently underlying the last on the Bow and Belly, but on the strati- 
graphical position of which some doubt yet remains owing to the resemblance of its 
estuarine fauna to that of the Judith River. Brownish and yellowish sands and 
clays. 

The Judith River beds are treated as a part of the Laramie, and the 
correlation of the Belly River beds is indicated in the following state- 
ments: 

The pale beds underlying the Pierre in this r^on represent, with little doubt, 
the Dun vegan sandstones of the Peace River section. They are also evidently iden- 
tical with those described by Professor Cope as occupying a similar position on the 
Missouri [now known as the Eagle formation]. This subdivision, which appears 
most probably to hold the position of the Niobrara in the Nebraska section, is there- 
fore one of great persistence in the Cretaceous. 

The same correlations are made in the paper published by the Royal 
Society of Canada. 

In 1884 Dawson^ extended the Belly River beds downward to 
include the yellowish and brownish sands and clays with a Judith 
River fauna, and repeated the correlation of the upper part of the 
formation with the flagle sandstone, while suggesting a lower position 
for the Judith River beds. He says: 

The upper part of the Belly River series evidently represents the pale, sandy beds 
which occur on the Missouri in a similar position with reference to the Pierre; and 
the latter holds coal or lignite at the base in this district, as descril)ed by Prof. E. D. 
Cope, on that river. 

In reference to the fossils, he makes the following very proper 
suggestion: 

The fossils of the Belly River series have not yet been criticiilly examined; but their 
resemblance to those of the Judith River is so complete that I am strongly inclined 
to revert to Messrs. Meek and Hayden*s original views respecting tlie stratigraphy 
of the latter beds and to suggest, though with some hesitation, that the s[)ecies 
figured on pis. 37-39 of Meek's work on the Cretaceous and Tertiary fossils of the 
upper Missouri, as from a peculiar development of the Fox Hills group, have really 
been derived from beds underlying the Pierre. ■ 

The species referred to are from near the mouth of Judith River 
and are now known to have come from the Claggett and Eagle forma- 
tions. 



a Science, u. »., vol. 3, pp. MT, 648. 
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Dawson's final report'' on the region in the vicinity of Bow and 
Belly rivers. Northwest Territory, published in 1885, gives detailed 
descriptions of the Belly River and associated formations and a full 
statement of the evidence for its accepted stratigraphic position 
heneatli about 830 feet of marine Cretaceous correlated with the Fort 
Pierre and Fox Hills. The area mapped extends from a few miles 
south of the international boundary to latitude 51^ 20' and from longi- 
tude llO*" 45' to the Rocky Mountains. The Belly River beds are rep- 
resented as covering a large area, broadening southward across the 
eastern portion of the map. West of this area of Belly River beds 
overlying formations occupy a low, l)road syncllne, while in the 
uplifted belt along the foothills of the Rocky Mountains all the Cre- 
taceous formations are mapped tegether under one color, because the 
complex region was not studied in suflScient detail. In the general 
section Dawson assigns maximum thicknesses to the formations as 
follows: To the members of the I^anunie 5,750 feet; Fox Hills, 80 feet; 
Fort Pierre, 750 feet; Belly River, 910 feet; ''Lower dark shales," 
800 feet. 

The conclusions as to the Belly River and Judith River beds are 
summarized in these words:* 

Briefly stated, it would appear from the investigations now reported on that consid- 
erable areas of the beds which in 1874 I called ''Lignite Tertiary ''—here and in 
previous announcements designates! as Belly River series — must be relegated to a 
position below the Pierre shales, or at least to one below an upper portion of these 
shales. The beds thus separated as the Belly River series were, in 1875, by me cor- 
related with the Judith River series of the Missouri. Additional and extensive 
colledions of fossils since obtained and now being worked out confirm and strengthen 
this correlation and lead to the presumption that the so-called Judith River series 
must also ocx^upy a position well down in the undoubted Cretaceous. It may be 
added that this was the view originally held by Messrs. Meek and Hayden, and sup- 
ported, it would appear, not alone on the supposed analogies of the vertebrate 
remains examined for them by Professor Leidy, butalso on stratigraphical evidence — 
evidence which perfectly agrec»s with the impressions resulting from such cursory 
examination as I was able to make of the Missouri sections from the deck of a 
steamer while ascending the river in 1881. 

An incidental reference in a footnote on page 122o makes it evident 
that Dawson still failed to discriminate between the ICagle and the 
Judith River formations on the Missouri, and he did not recognize any 
horizon in his area corresponding to the Eagle formation. It seems 
remarkable that this formation, which is so well developed on the 
Missouri only about 75 miles south of the Canadian boundary, should 
disappear completely from the sections in the Sweetgrass Hills and 
along Milk River near the boundary. Several facts gleaned from 
Dawson's careful descriptions and from the subsequent paleontologic 
report '^ favor the suggestion that the Eagle sandstone really occurs 

<iGe<il. Siirv. Canada, Rcpt. Prog, for 1882-1884, pp. l-lG'Jc and map. 

i»Tdoni, p. 119r. 

fCont. Canadian Palseont.. vol. 1. pt. 1. 188r). 
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here and ha« been referred to the Bellv River. The castellated sand- 
stones along Milk River between Verdigris Coulee and Dead Horse 
Coulee, as described on page 40c and as figured" in an earlier report, 
resemble the Eagle sandstone much more closely than any part of the 
Judith River or any other horizon in the general region. This same 
sandstone horizon was recognized in Rocky Spring Ridge and on the 
west flank of West Butte (Sweetgrass Hills) resting on dark shales 
which at the last-named locality have an estimated thickness of 8(K) 
feet. Now, this thickness is much too great for the shales of the 
Claggett formation, which underlies the Judith River and is the same 
as that of the Fort Benton shales beneath the Eagle. Dawson 
expressly states* that the dark shales of these two localities do not 
agree very satisfactorily with those farther east on Milk River, at the 
mouth of Pakowki Coulee, which we now recognize as belonging to 
the Claggett formation, and the fossils reported from them at both 
West Butte and Rocky Spring Ridge include Bacndites asper and 
Scaphites warreni^ of which the latter especially is a characteristic 
Fort Benton species. As the writers have not visited the localities 
nor seen the fossils in question, they can only suggest that possibly 
the structure has been misinterpreted and that part of the area mapped 
as Belly River really belongs to the Eagle formation. 

The invertebrate fossils of the Belly River beds and associated for- 
mations have been described by Prof. J. F. Whiteaves,*^ and the fossil 
plants have been treated by Sir William Dawson,** with stratigraphic 
notes by Dr. George M. Dawson. Their general conclusions as to 
the evidence of the fossils are expressed in the following quotations. 
Whiteaves says: 

Judging by their respective invertebrate faunae, it wouhl seem impracticable to 
separate the "Belief River series'* from the Laramie, anil more especially from the 
** Judith River group," on purely paleontologieal evidence. « 

The invertebrate fauna of the ** Belly River series" seems to be essentially the 
same as that of the *' Laramie" of the United States and Canada, unless more 
than one formation has been confounde<l under the latter name, and * * * it is 
at present scarcely possible to separate the "lower dark shales" of Doctor Daw- 
son's Bow and Belly River report from the ** Fort Pierre and Fox Hills" groups, on 
purely paleontologieal grounds./ 

Sir William Dawson states in the first and third papers cited that 
^' it scarcely seems possible to distinguish by fossil plants alone the 
lower Laramie beds from those of the Belly River." He also remarks 
that the Dunvegan series of the Peace River region probably corre- 

aRept. Prog, for 1880-1882/frontispiece of Doctor Dawson's report. 
bQeo\. Surv. Canada, Kept. Prog, for 1882-1884, p. 126c. 
eCont. Canadian Palsont., vol. 1, pt. 1, 1885. 

dTrans. Roy. 8oc. Canada, vol. 8, sec. 4, pp. 1-22, 188^. Idem, vol. 4, sec. 4, pp. 1^34, 1887. Amer- 
ican Naturalist, vol. 22. 1888, pp. 953-969. 
«Cont. Canadian Palffiont., vol. 1, pt. 1, 1885, p. 65. 
/Idem, p. 89. 
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spoiids in time with the Niobrara. Tlie paleontologic evidence and 
relationships will be fully discussed on later pages. 

Additional areas of Belly River beds on the east and north of Daw- 
son's area were described and mapped by R. (t. McConnell" and by 
fl. B. Tyrrell,* respectiv^ely, who coniinned Dawson's conclusions con- 
cerning the stratigraphic position of the formation so far as the over- 
lying ])ods were concerned, but still left the exact age of the underlin- 
ing formation undetermined. 

In the United States the discussion concerning the age of the 
Lanimie continued long after Meek and Hay den's publications ceased; 
and since the Laramie was generally held to include or to be the equiva- 
lent of the Judith River beds, the age of the latter was frequently 
inv^olved in the discussion. The paleobotanists Newberry, Lesquc- 
reux, and Ward contributed many articles to this controversy, but 
they had no direct tearing on the Judith River question because no 
definitely described fossil plants were known from the Judith River 
beds. 

From 1877 to 1891 Dr. C. A. White published many papers in 
which the invertebrate paleontology and the geologic relations of the 
Judith River beds are more or less fully treated. At first*^ the 
Judith River was treated as a separate formation immediately under- 
lying the Foil; Union and holding the same relative position as the 
Lammie in southern Wyoming, but in the following year the term 
'*'' Laramie'' was used in a broader sense, as follows: 

The I^ramie group includes as either subordinate groups or regional divisions 
both the Judith River and Fort Union series of the Upper Missouri River; the Lig- 
nitic series east of the Rockv Mountains in Colorado; the Bitter Creek series of 
southern Wyoming and adjacent parts of Colorado; and also the Bear River Estuary 
beds, together with the Evanston coal series of the Valley of Bear River and adjacent 
parts of Utah.rf * ♦ * 

iSome of the known portions of this great group doubtless represent different 
stages of the Ijaramie period, but the members just designated are, as a rule, 
understood Uy represent different geographical developments of its strata with 
modifications of its fauna rather than separate successive epochs of time in the 
geological i)eriod which is represented by the whole great group. The proof of the 
identity of these widely separated portions of the Laramie group consists in the 
recognition of various species of fossil mollusks in all of them that are found in some 
one or more of the others, thus connecting the whole by faunal continuity. Similar 
proof has also been obtained by Professor Cope in the discovery of certain species of 
vertebrate foa^ils in more than one of these geographical members of the Laramie 
group. ' 

So far as the Judith River, Fort Union, and Bitter Creek beds are 
concerned these views are consistently held in all of White's subse- 
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quent papers. In 1888, accompanied by Prof. Lester F. Ward, he 
visited the Judith River and Fort Union areas along the Missouri, but 
he did not see any reason for changing the later conclusions of Meek and 
Hayden and of Cope, and his stratigraphic observations were not fully 
published. Concerning the Fort Union area he made the following 
statement:" 

During the summer of 1882 I gave especial study to the geology of the n*gion about 
Fort Union, extending up the Yellowstone Valley, and including all the localities 
from which Doctor Hayden obtained the fossil plants here referred to [Fort Union 
plants describeil by Newberry]. The result of that study has been to ascertain that 
only one formation, namely, the characteristic Fort Union group, which is nothing 
more or less than a part of the great Laramie group, occupies that whole region. 
That in, with the exception of one or two small exposures of the Fox Hills Creta- 
ceous group, upon which the Laramie strata rest conformably, no other than Laramie 
strata are to be found there. 

In the excellent correlation paper on the Cretaceous, White* gave a 
geneml discussion of both the Ijaramie'* and the Belly River^ forma- 
tions, with a review of the literature. He still included the Judith 
River, Fort Union, etc., in the Laramie and held that it was deposited 
in a great land-locked sea of mainly brackish waters. 

Concerning the Belly River beds he states that ''certain observed 
conditions of strata exposed along the Missouri River in northern 
Montana apparently indicate its presence there. It also seems not 
improbable that some of the strata in the upper part of the valley of 
the Musselshell River, in Montana, which have been referred to the 
Laramie,* really belonged to the Belly River formation." The first 
reference is evidently to the occurrence of the Eagle formation 
between Fort Benton and Judith, and the second reference is probably 
to an actual occurrence of Judith River beds which will be referred to 
again. The position of the Belly River formation is thus stated: 

The marine strata which overlie the Belly River are certainly referable to the Mon- 
tana formation, but whether they represent the whole of that formation or not it is 
at present impossible to say. That is, it ia not yet certainly known whether the 
Belly River formation is interposed between the top of the Colorado and the l»ase of 
the Montana, or between a large upper and a small lower part of the last-named 
formation. The former condition is assumed to exist, although it is not yet certain 
that some of the fossil species discovered beneath the Belly River strata do not also 
oi'cur in the Montana formation. 

From the intimate relationship between the Belly River and Laramie 
faunas, especially the specific identity of certain gill-bearing Mollusca 
in both. White inferred that there must have been physical continuity 
between the formations. The assumed relations of the Bellv River to 
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the associated formations arc shown dia^rammatically by representing 
the Belly River formation as a wedge insert^id between the Colorado 
and Montana groups, gmdually thickening so as to replac^e more and 
more of the Montana, until in some hypothetical area it be<?omes con- 
tinuous with the overlying Laramie and is not separable from it. 

In 1886 Mr. W. Lindgren^ published a description, with sections, of 
a region between the Yellowstone and Musselshell rivers in Montana 
that is now known to contain Judith River beds. The section as 
described is remarkable for the very great thickness (8,600 feet) of 
beds assigned to the Laramie, and for the intercalation of marine beds 
with PlacenticeraH and Ba^ulites within the Laramie. The writers 
have traveled along the line of Lindgren's section that extends north- 
easterly from Billings, and according to their interpretation the sand- 
stone forming the cliffs at Billings, which he referred to the Fox Hills, 
really belongs to the Eagle formation, and his Laramie nmst include 
the Claggett, Judith River, and Bearpaw, as well as the Laramie and 
probably some overlying formations. 

Cope* briefly discussed the Belly River beds of Canada in 1887. He 
stated that the flora and the fauna, vertebrate and invertebrate, are 
identical or nearly so with the Laramie, and expressed a suspicion 
that there had been some error of observation. 

About this time horned dinosaurs began to be recognized at various 
localities in the West, and the beds yielding them were called by Prof. 
O. C. Marsh ^ Ceratops beds and referred to a single horizon of the 
Laramie. Mr. J. B. Hatcher, who had done the field work in collect- 
ing the vertebrate faunas of these beds, maintained that there was 
paleontologic and stratigraphic evidence that they include at least two 
horizons. His views are expressed in the following quotations:** 

The actually known area of the Ceratops beds is indeed very limited, and from 
these areas we should exclude certainly the Judith River or upper Missouri, and 
very likely the Black Butte locality in southwestern Wyoming. The beds of the 
former certainly and those of the latter almost certainly belong to an older horizon 
than those of the Denver or Converse County localities; the latter may be consid- 
ered as the typical locality for the Ceratops beds. All of the dinosaurs from the 
Judith River country are smaller, less specialized forms than those from the Converse 
County and Denver localities, as has already been observeil by Marsh. 

Speaking of the Converse County localit}^ he says: 

It would doubtless l>e better to restrict the limits of the Ceratops beds to those 
strata in which horned dinosaurs occur, and to con.sider the underlying 400 feet of 
barren sandstones as the equivalent of the Judith River beds. * * * 

The terms Fox Hills and I^aramie as now used can not be taken to represent dis- 
tinct and different periods of time, for, as has been shown by Ci. M. Dawson, 
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b American Naturalist, vol. 21, 1887, pp. 171,172, and 445-462. 

c Am. Jour. Sci.. 3d ser., vol. 38, 1889, p. 501. Marsh definitely referred the Judith River beds to the 
same horizfin as ihe Ceratops beds of Converse ("kjunty, Wyo., in the Geolc^y of the Denver Basin: 
Mon. U. S. Geol. Survey, vol. 27, 1896, p. 478. 

^Awerican XHtiimli^t, vol. 30, 189G, pp. UG, 117. 



RT ANTON AND 
IIATTHER 



^^] HISTORICAL REVIEW. 29 



Selwyii, and McConnell in the Belly River region in Canada, and frequently 
observed by the writer on the upper Missouri in Montana, marine beds with typ- 
ical Fox Hills fossils have been found interstratified with fresh and brackish water 
l)eds containing characteristic l^ramie foHsils, showing conclusively that the two 
perirxis were in part at least contemporaneous; the one representing the marine 
and the other fresh or brackish water forms existing at the same time and in not 
widely separated regions, these alternations in the nature of the fauna in the same 
locality having been brought about by successive encroachments and recessions of 
the sea. 

In 1896 Mr. Whitman Cross*' discussed the age of the Arapahoe and 
Denver formations and referred to related beds in other regions, 
especially those yielding horned dinosaurs. He suggested that "the 
Judith River strata may perhaps represent the Arapahoe or some other 
post-Laramie formation, and not the true Laramie of Colorado and 
Wyoming." He quoted from the manuscript notes of Mr. T. W. 
Stanton the description of a section on Dog Creek, near Judith, Mont., 
which includes the lower 300 feet of Judith River beds and underly- 
ing strata then referred to the Fox Hills, but now designated as the 
Claggett and the upper part of the Eagle formation. 

Mr. W. H. Weed* has described the section in the region of the 
Ci'azy Mountains between Yellowstone and Musselshell rivers, where 
the Judith River beds are now known to exist, but he failed to recog- 
nize the formation. It is very probable that the brackish-water fos- 
sils cited ^ as coming from the Livingston formation north of the 
Crazy Mountains were collected from an outcrop of Judith River 
beds. 

In the Fort Benton folio,^ published in 1899, Weed named and 
described the Eagle formation, stating that it rests on the Colorado 
shales and is overlain by 2,000 feet of marine beds referred to the 
Montana formation, and that it has yielded fossil plants similar to 
those of the Belly River beds. The area mapped on the Missouri is 
west of all the outcrops of Judith River beds. 

A few fossil plants from the Eagle formation near ''Coal Banks" on 
the Missouri were described by Dr. F. H. Knowlton * in treating the 
flora of the Montana formation. These were described as Belly River 
species, and in justification of this correlation a brief manuscript note 
by Stanton, giving his views on the stratigraphy and correlation of 
that part of the section, was published. The concluding portion of 
Stanton's note is as follows: 

It is evident from the stratigraphy and from the marine invertebrate fauna of the 
underlying and overlying strata that the sandstones and the associated coal beds and 

a Geology of the Denver Basin: Mon. U. 8. Geol. Survey, vol. 27, pp. 239-241. 

t>The Laramie and the overlying LivingRton formation in Montana: Bull. U. S. Geol. Survey 
No. 106, 1898. The Fort Union formation: Am. Geologist, vol. 18, 1896, pp. 201-211. 

cBull. U. 8. Geol. Survey No. 106, p. 33. 

(< Geologic Atlas of the United States, folio 66. 

«Bull. U. S. Geol. Survey No. 163, 1900. This paper was submitted for publication before the Fort 
Benton folio was issued, and consequently the name Eagle is not ^ue^lox \\v(^ \<csnsA&k^'<cw. 
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plant-bearing horizons in the neigh iKjrhood of Coal Banks on the Missouri River are 
on essentially the same horizon to which the Belly River series was assigned by Dr. 
G. M. Dawson, and to which a part of the (^anadian beds so named undoubtedly 
belong. But in Doctor Dawson's full and careful <le8cription of the Belly River 
series it is pointed out that in certain areas referred tx3 that series the stratigraphy is 
not clear, and the l)e<ls may overlie the Montana shales instead of underlying them. 
It happens that most of the Belly River fauna, which consists chiefly of Laramie 
species, was collected in those doubtful areas. I suspect that in Canada two distinct 
formations, separated by marine beds, have been confused under the term Belly 
River series, and that a large part of the fauna, and possibly also of the flora, was 
collected from the upper horizon, which indudeii the Laramie and possibly even 
later beds. 

In 1902 Mr. FmyI Douglas" described a formation under the local 
name Fish Creek l>eds, which he correctly correlated with the Belly 
River. The locality is a few miles east of the Crazy Mountains area 
previously described by Weed. The Eagle formation also occurs in 
the section, but was called Niobrara. 

In the same year the vertebrate fauna of the Belly River beds in 
Canada was reviewed and described by Prof. II. F. Osborn* and Mr. 
L. M. Lambe, the former contributing the general discussion and the 
latter the paleontologic descriptions. The conclusions as to correla- 
tion and stratigraphic position were more concisely stated in an 
abstract ))y Osborn/ from which the following brief extractsare taken: 

The [Canadian] Survey had established beyond question, geologically, that the 
Belly River series is mid-Cretaceous, that it underlies the Montana or Fort Pierre- 
Fox Hills group, and overlies the Fort Benton and Dakota groups. * * * It soon 
appeared * * * that the Belly River vertebrates were of decidedly different and 
apparently of older type than those from the Laramie beds of Conv^erse County, 
Wyo., described by Marsh, and were rather to be compareii with those described by 
I>eidy, Cope, and Marsh, from Montana, chiefly from the Judith River beds, which 

overlie the Fort Pierre in a region by no means distant geographically. 

w * * « . * « * 

The fossil land vertebrates hitherto de8cril.)e<l from Montana probably are, in part 
at least, of mid-Cretaceous or Belly River age, although the true Judith River beds 
certainly overlie the Fort Pierre and are of more recent age. 

Hatcher '' commented on the paper last cited, correcting a statement 
concerning the locality of certain fossils, and giving reasons for 
believing that the stratigraphic position of the Judith River beds is 
lower than the horizon to which he assigned them in 1896. Stanton ^ 
replied to this note, asserting that the formation in question overlies 
the Pierre and Fox Hills, called attention to the Eagle formation, and 
again suggested that two or more horizons may have been confused in 
the Bellv River beds of Canada. 



aproc. Am. Philos. Soc, vol. 41, pp. 210,211. The .section is partly described in an earlier note. 
(Science, n. s.. vol. 15, 1902, pp. 31-;i2.) 

hOn Vertebnitft of the mid-Cretaceous of the Northwest Territory: Cont. to Canadian Paleeont., 
vol. 3, pt. 2, 1902. 

r Science, n. »., vol. 16, 1902, pp. 673-676. 

'Hdem, pp. 831-832. 

eldem, pp. J 033 -J 032. 



STANTON A 
HATCHER 



f^] GENERAL FEATURES OF THE ORIGINAL AREA. 31 



Prof. S. W. Williston*' contributed to the di«cu8sion in a note on 
the Laramie of Converse County, Wyo., holding that these depojsits as 
well as the Judith River are contemporary, in part at least, with the 
Fox Hills, and that the fauna presents in some respects '^a startling 
resemblance to that of the Judith River and Bellv River series." 

Additional notes bearing on various phases of the discussion were 
published during 1908 by Osborn,* Hatcher,^ C. H. Sternberg, '' and 
O. P. Hay,*^ and ending with a brief note by Hatcher and Stan- 
ton-^ on ''the stratigraphic position of the Judith River beds and their 
correlation with the Belly River beds," in which they give the prin- 
cipal results of the field work which is fully described in the present 
paper. 

DESCRIPTION OF JUDITH UIVER BEDS, BY AREAS. 

ORIGINAL AREA. 
GENERAL FEATURES. 

The history of the exploration of the region along Missouri River 
ne4ir the mouth of Judith River and of the description of its geologic 
and topographic features by Dr. F. V. Hayden has been briefly 
given in preceding pages. While some of Doctor Hayden's deter- 
minations and correlations have since been shown to be erroneous, 
as was to ])e expected from the pioneer nature of his work, the reader 
of his most extended sketch,^ if familiar with the region, can not fail 
to be impressed with his ability as an observer and the fidelity and 
clearness with which he describes the chief geologic features of the 
country. 

The following extracts from Doctor Hayden's paper are quoted here 
as bearing directly upon the stratigraphic limits and geographic dis- 
tribution of the Judith River beds as originally understood and defined 
by that author: 

Near the mouth of the Judith River, not far from the sources of the Missouri, in 
latitude 47° 3(K, longitude 109° 3(y, is a wild, desolate, and rugged region which I 
have called the **Bad T^nds of the Judith," in contradistinction to those of White 
River. No other portion of the upper Missouri country' exhibits the effecta of erosion 
and denudation on so large a scale, and to add to the picturesque effect of the country 
the variegated strata are distorted and folded in a wonderful manner by the action 
of the subterranean forces that have elevated the mountain masses in the vicinity. 
The surface of the country occupied by the deposit 1 am alK)ut to des(Til)e is cut up 
into ravines and canyons, with nearly vertical sides, rising to a height of 400 to BOO 
feet above the bed of the river, with scarcely a tree or shrub to greet the eye of the 



H Science, n. a., vol. 16, 1902, pp. 9.'i2-»63. 

/' Idem, vol. 17, pp. 366, 357. 

'• Idem. pp. 471, 472, and Am. GeoIoKi^^t, vol. 31, pp. 86^-375. 

''Srienco. n. 8., vol. 17, pp. 870-872. 

«? Am. Geologist, vol. 2:2, pp. 115-120. 

/Science, n. b.. vol. 18. pp 211-212. 

fir Trans. Am. Philos. 8oc., 1860, pp. 123-138. with a map. 



82 THE JUDITH RIVER BEDS. [bull. 267. 

explorer. A few scattering pines cap the summits of the hills and draw a scanty 
nourishment from a thin, dry soil, but it may be regarded for the most part as an 
inaccessible desert suited only as a retreat for the buffalo and mountain sheep. 

The area occupied by this peculiar basin I could not determine with precision, but 
have estimated it at about 40 miles from east to west and from 15 to 30 from north 
to south, and it is separated into two nearly equal portions by the Missouri. The 
Judith River rises in the Judith Moimtains, pursues a course nearly due north, for 
the most part through Cretaceous strata, and empties into the Missouri in latitude 
48°, longitude 106°. The Judith River forms the north [western] boundary of this 
basin. The Muscleshell River also rises near the Judith Mountains, but takes a 
course a little east of north, flows through Cretaceous formation No. 4, and empties 
into the Missouri near latitude 47° 30^ and longitude 108°. That portion of the **Bad 
Lands*' which is formed of the estuary deposit under consideration lies between 
these two streams. About 30 miles north of the entrance of the Judith River into 
the Missouri is the Bear's Paw Mountain, a small range, the highest peak of which 
is elevated about 2,000 feet. On the same side of the Missouri and in nearly a north- 
easterly direction are the Little Rocky Mountains, a range similar to the Bear's Paw, 
though apparently disconnected from it. On the south side of the Missouri, about 
15 miles southwest of the mouth of the Judith, the Square Buttes may be seen rising 
400 or 500 feet above the surrounding prairie, and are the nearest upheaval of trap- 
pean rocks to the Missouri in this region. From 30 to 50 miles south is quite an 
extensive range, called the Judith Mountains, which have not yet been explored 
geologically. Here comparatively small local upheavals seem to represent the dying 
out of the intense subterranean forces which uplifted the vast Rocky Mountain chain. 
It will be important to understand the geographical position of these mountains in 
order to fully appreciate the sources of the power which has disturbed the strata of 
the more recent fossiliferous rocks, a point which will be again referred to in this 
paper. 

Lewis and Clarke, in their interesting account of an expedition to the sources of the 
Missouri, gave a brief but accurate description of the physical features of this remark- 
able region, but dwell more in detail on the picturesque portions near the ** Stone 
Walls," which are composed of a basis strata upon which the estuary deposits of the 
''Bad Lands" of the Judith rest, which are doubtless of the age of Cretaceous 
formation No. 1, or upper Jurassic. 

In the above description there are some errors relating to the 
geography, such as the statement that Musselshell River rises near 
the Judith Mountains; and the sandstones (''Stone Walls" of Lewis 
and Clarke) upon which, according to Hayden's stiitement, the estuary 
deposits of this region rest, were erroneously identified with Creta- 
ceous No. 1, although they are now known to represent the Eagle 
formation and to be immediately underlain by the Benton and over- 
lain by the Claggett formation. However, the stratigraphic limits of 
the Judith River beds are fixed with reasonable accuracy, while the 
geographic limits of the type exposure is very accurately outlined 
on the map accompanying his paper. 

From Doctor Hayden's paper and the personal observations of the 
present authors the original area of the Judith River formation may 
be defined as lying between the mouths of Judith River on the west 
and Little Rocky Mountain Creek on the east and extending both 
north and south of Missouri River for an average distance of about 20 
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miles. Throughout almost this entire region typical and characteris- 
tic exposures of these beds are everyrv'here observable. They rest, 
with at least apparent conformity, upon the darker-colored marine 
sandstones and shales of the Claggett formation, and in certain favored 
localities are overlain by material resembling the typical Pierre shales, 
in this region known as the Bearpaw shales. As these shales are soft 
and friable they yield readily to erosion, and over large areas, espe- 
cially in the vicinity of Missouri River, where erosion has been most 
rapid, they have been completely carried away and the Judith River 
beds appear as the uppermost of the series. This fact, together with 
the resemblance between the lithology and fauna of the underlying 
marine sandstones and those of the Fox Hills sandstones in the regions 
farther south, for years caused many geologists to mistake the true 
stratigraphic position of the Judith River beds, and to refer them 
unhesitatingly to the Laramie. In certain localities, however, the 
Bearpaw shales have resisted erosion and are seen in their normal posi- 
tion conformably above the harder and lighter-colored beds of the 
Judith River fornciation. This is especially true on Cow Creek, a 
small northern tributary of the Missouri rising in the eastern end 
of the Bearpaw Mountains. At many places along this stream the 
Bearpaw shales rest upon the Judith River beds, and along the old 
Fort Benton and Cow Island trail between Cow Creek and the south- 
eastern extremity of the Bearpaw Mountains the Judith River l>eds 
are overlain by about 600 feet of these shales. 

The Judith River beds of this region consist of light ash-colored 
sandstones, alternating with usually darker colored and more friable 
shales and clays mingled with frequent seams of lignite, which in places, 
more especially toward the top of the series, attain considerable 
importance, not infrequently forming beds of fairly pure lignite with a 
thickness of several feet. The most important and most constant of 
this series of lignite seams occurs very near the top of the Judith 
River beds and is frequently overlain by a shell breccia from 1 foot 
to 3 feet thick, and in most instances is composed almost entirely of 
the shells of Ostrea sxthtrigofialls^ although at some places Corhicxda 
cytheriforinis^ Corbula svbtrigoiialis^ and other brackish-water forms 
are common. 

The average thickness of the Judith River beds in this region is about 
500 feet, if there is included in them the brackish (sometimes appar- 
ently purely marine) beds at the top and bottom of the series. These 
brackish beds are lithologically very similar to the intermediate fresh- 
water deposits, which are frequently rich in the remains of fresh- water 
Mollusca, and contain also in some abundance, but usually in a very 
fragmentary condition, the bones and teeth of fresh- water fishes and 
reptiles and of terrestrial dinosaurs. Everywhere through these beds 
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fossil plants are found in considerable abundance, but usually are not 
well preserved. 

The frequency with which the different strata of sandstones and 
clays replace one another, both laterally and vertically, together with 
the great disturbances that have taken place subsequent to the deposi- 
tion of the Judith River beds, renders it extremely difficult, if not 
impossible, to fix upon any definite horizons or strata within the limits 
of the fresh-water series that may be followed and recognized with 
certainty, even in reasonably adjacent sections. A detailed section 
taken at any point is of little value, since a similar section made at a 
distance of only a mile or two would give a quite different sequence 
of the alternating strata of sandstones and shales. 

Almost every traveler has noted the complicated folding and fault- 
ing. Grinnell and Dana*' attributed these disturbances to landslides 
due to the action of water, but Cope* pointed out the error of this 
view. No better description of the frequency of these disturbances, 
and the difficulties they have caused the stratigrapher, can be given 
than that of Doctor Hay den, which is as follows :^ 

It presents perhaps the most rugged scenery on the Missouri River, the denuda- 
tion and erosion having been much greater than at the Bad Lands of White River. 
But the most remarkable feature of this basin is the wonderful disturbance of the 
strata. So much are the beds disturbed and blende<i together by forces acting from 
beneath tiiat it seems almost hopeless to obtain a section showing with perfect accu- 
racy the order of superposition of the different strata. 

EXPOSURES ON DOG CREEK. 

Although the deposits under consideration were named from Judith 
River, they are rather poorly represented on that streana. They 
are well shown in the bluffs of Dog Creek, a small tributary empty- 
ing into the Missouri from the south, about 2 miles below the 
mouth of Judith River. The exposures on Dog Creek and on the 
north side of Missouri River immediately opposite the mouth of Dog 
Creek have been most frequently visited by geologists and paleontol- 
ogists, and are therefore the best known of all the areas of the Judith 
River beds. Here, unfortunately, the beds are not of much value to 
the paleontologist, and are even more unsatisfactory to the strati- 
grapher, since the overlying Bearpaw shales are not adequately 
represented. 

Dog Creek, or Dog River, as it is given on some maps, rises in the 
Moccasin Mountains, a small outlier of the Judith Mountains. After 
leaving these mountains it flows for perhaps 25 or 30 miles in a north- 
erly direction through a narrow and shallow valley with rolling, 
grass-covered table-lands on either side. At intervals along the banks 

iGeol. Rept. in Lndlows's Rept. on a Reconnoissance from Carroll, Mont., to Yellowstone National 
Park, 1876, pp. 97-137. 
6 Bull. U. S. G«ol. and Geog. Surv. Terr., vol. 3, pp. 66&-o»7. 
cproc. Acad. Nat. 8cL Philadelphia, 1857, pp. 116-116. 
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of the stream and its tributaries and on the slopes of the steeper hills 
exposures of the sandstones and shales of the Judith River beds may 
be seen. About 12 or 15 miles above its mouth the stream leaves this 
comparatively open country and enters a deep, rugged canyon. The 
surrounding country now suddenly changes from a rolling, grass- 
covered plain to a wild, desolate, but picturesque region, deeply dis- 
sected by numerous canyons, presenting mile after mile of almost 
perpendicular walls with jutting headlands capped with spires and 
minarets or flanked perhaps by numerous pillars detached from the 
perpendicular sides of the canyon wall, each threatening at any 
moment to add its towering mass to the talus-covered slope below. 
About the crest of the bluflfs are considerable forests of pine and 
spruce which formerly afforded a suflicient supply of fuel for the 
river steamers that plied between Fort Benton and the lower Missouri. 
A few of these trees may also be seen clinging even to the perpen- 
dicular cliffs of the canyon walls, while on the less rugged slopes 
there is a sparse and scattered growth of small shrubs and bushes 
belonging for the most part to the genus Artemisia. In favored 
localities, especially at the summits of landslides, where disturbances 
in the beds have formed small basins which receive and retain the 
moisture brought by heavy rains, the chokecherry, Prunvsvirginiana^ 
often forms considerable thickets. In the bottom of the canyons the 
banks of the streams are fringed with broad and long-leaved cotton- 
wood, while scattered about and often forming impenetrable thickets 
are buffalo or bullberry bushes. Such are the badlands of the upper 
Missouri. The nature of the topography made this region the last 
retreat for the larger game animals of this district. The inaccessible 
nature of the region afforded these animals their greatest protection, 
and they lingered here long after they disappeared from the surround- 
ing plains and mountains. This was especially true of the deer and 
bighorn or mountain sheep, both of which animals were still abundant 
when the region was first visited by one of the present writers in 
1888. During our visit the past season, however, the mountain sheep 
seemed to have been nearly or quite exterminated, while only a few 
deer remained. 

Dog Creek flows through this badland country in a deep and rugged 
canyon until it emerges upon the narrow valley of the Missouri, about 
a mile above its mouth. The walls of the canyon on either side are 
composed for the most part of the light ash-colored sandstones and 
darker shales and clays of the Judith River beds. This is especially 
the case in the upper portion of the canyon. In the lower half of the 
canj'on the darker buff-colored sandstones and dark sandy or black 
clay shales of the underlying Claggett formation constitute a con- 
siderable portion of the bluffs. For considerable distances the Judith 
River beds are nearly or quite horizontal, and conformably overlie 
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the Claggett formation in such a manner that it is di£Bcult to determine 
where one formation ends and the other begins, although in the field 
a bed of yellowish brown sandstone varying in thickness from 1 foot 
to 20 feet or more was regarded as the upper limit of the Claggett 
fonnation. This bed of sandstone appeared fairly constant, not only 
in this, but in other areas of the exposures, and it was referred to in 
our notes as the Tancredia sandstone, owing to the presence in it in 
considerable abundance of fossil shells belonging to that genus. From 
the persistence of this sandstone and from the fact that it marked the 
beginning of a decided change in the lithology of the underlying and 
overlying beds it would certainly form a convenient delimitation 
between the two series of deposits, and should perhaps be considered 
as the uppermost member of the Claggett formation, notwithstanding 
that in a numl)er of instances typically marine fossils extended for 
some distance above in the bas \ members of those lighter-colored 
sandstones and shales usually reterred to the Judith River beds and 
generally considered as entirely of fresh- or brackish-water origin. 

At frequent intervals along the canyon of Dog Creek the beds are 
much disturbed by faults and folds, and at several places not only the 
Claggett formation is exposed, but the underlying Eagle sandstones 
have l)een thrust up and appear as prominent cliffs. (See PI. II.) 

On the east side of Dog Creek 1 mile above its mouth the Eagle 
sandstones are seen near the bottom of the valley dipping westward at 
various angles. They continue to appear at frequent intervals for 2 
miles farther up the creek, and at a distance of 1 mile above the mouth 
of the canyon on the west side of the creek they cap the higher bluffs. 
In this vicinity the Eagle fonnation is composed of an upper and a 
lower stratum of light-colored, heavy-bedded sandstone, separated by 
a series of lignites and shales, the latter near the bottom bearing^ 
Boi^nUtes and other marine invertebrates. Above the upper and below 
the lower strata of sandstones are arenaceous shales and thin-bedded 
sandstones and lignites. The upper of these bear Cardmm apedosunh 
and Mactra alta in great abundance. On the west side of the creek 
the crest of the divide between Dog Creek and Judith River is com- 
posed entirely of the Claggett and Eagle formations and the underly- 
ing Benton shales. The Benton shales are not well exposed in any 
section seen in this vicinity. 

At the point where Dog Creek leaves the canyon and opens into the 
valley of the Missouri, a prominent cliff or butte of upper Eagle sand- 
stones is seen on the east side of and not far from the creek. It is very 
fossiliferous, and from it the following invertebrates were secured: 

Species found on Dog Creek. 

Cardium speciosuui. 
Tellinn montanaenpis. 
Barotla? sp. 
Callieta sp. cf. C, deweyu 



Mactra alta. 
Mactra formosa. 
Lunatia subcraasa. 
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A little farther up and on the same side of the creek the following 
section was obtained: 

Section on Dog Creek, 

Feet. 

9. Lower Judith River beds with a heavy bed of brown sandstone at base resem- 
bling the Tancredia sandstone mentioned above, but apparently destitute 
of fossils. The overlying lighter-colored beds yield many fresh-water 
invertebrates 200 

8. Black shales weathered in gentle slopes with numerous concretions contain- 
ing Bacidites ovaius^ Placeniiceras^ InoceramxiSy and other marine inverte- 
brates. The whole referred to the Claggett formation. The sandstone 
bands of the upper half with Tancredia^ etc., are not well exposed in 
this section 300 

7. Cross-bedded, sometimes finely laminated, light-colored sandstones and fine 
conglomerates with harder layers and concretions weathering brown, and 
lenses containing Cardium speciosum^ Mactra <ilta, etc., especially abund- 
ant toward the top. An additional 20 feet of soft sandstones and arena- 
ceous shales forms the transition to the Claggett formation 100 

6. Light, soft sandstone and shale 90 

6. Arenaceous shale with 1 to 3 foot band of very impure lignite in middle 10 

4. Yellowish sandstones consisting at base of 1 to 3 foot band of hard sand- 
stones with ferruginous masses, overlain by 8 feet of finely laminated 
sands and thin lignite seams, passing above into 30-foot bed of yellow, 
massive, coarse sandstone with thin seams of lignite, overlain by 1 foot 
of lignitic sands, followed by 20 feet of soft buff sandstones 60 

3. Soft sandstones and shales consisting at base of 10 to 15 feet of soft, usually 
light-colored sandstones, passing upward into more shaly material having 
at top a few feet of light sands. More shaly layer yielded PUiceniiceras 
whitfieldi 60 

2. Sandstone with Thetisf circuiarut, IjepiosoUriy Baroda, Pholadomyay iMnatia, 

Placeidiceras, Bacidites, etc. , regarded as l^ase of Eagle 3-6 

1. Benton shales with very hard grayish concretions. Lower 40 feet consists of 
rather soft shales, the upper 35 feet of more arenaceous and harder 
shales; no fossils 76 

For a distance of between 5 and 8 miles from the mouth of Dog 
Creek the beds in the bluffs of the creek continue practically horizon- 
tal and undisturbed. The light ash-colored sandstones and shales of 
the Judith River beds are exposed to a thickness of from 300 to 400 
feet and form the greater portion of the canyon's walls, but the upper 
members of the Claggett formation are still seen at the bases of the 
cliffs. While in this portion of the canyon the rocks appear undis- 
turbed, not far to the east of the creek two prominent folds may be 
seen extending for several miles in a northwest-southeast direction, 
and along the crest of these the sandstones and shales of the Claggett 
formation appear flanked on either side by the Judith River beds. 

A little farther up Dog Creek, in undisturbed areas, the Claggett for- 
mation disappears bene&th the bed of the stream and the bluffs of the 
canyon are formed entirely of the Judith River beds, which have a 
maximum thickness here of perhaps 600 feet and are composed below 
of alternating layers of light ash-colored sandstones and darker shales 



88 THE JUDITH RIVER BEDS. [bull. 267. 

abounding in numerous fresh- water Mollusea. Such invertebrates as 
Unw^ Anodonta^ Sph-wriurti^ Physa^ PUinorbis^ and Goniobasia are 
common, while the remains of Trachodon^ Ceratops^ Mmioclonivs^ 
Deinodtm^ Palxoscificus^ Fschi/rotherium^ Trionyx^ Kmys^ Crocodihis^ 
LepldotuH^ MyUdaphiiR^ etc. , represent the vertebrate life of the period. 
Towarti the top of the series the characteristic light-colored sand- 
stones and shales of the Judith River beds give way to darker-coloi'ed 
lignites and shales, which are usually overlain by a stratum of shell 
breccia or marl ranging from a few inches to 3 feet in thickness, and 
composed for the most part of the shells of OHtrea auhtrigonulis^ indic- 
ative of brackish waters and a later return of marine conditions. 
These upper beds are well shown on Dog Creek where it leaves the 
grass-covered plain and enters the canyon, and also on its tributaries. 
In the plains country to the south the highest hills are capped with the 
Ostrea suhtrigonalw layer of the upper Judith River beds. The upper 
part of the Judith River beds in this region has the same general 
ap])earance as on Cow Creek, about the foot of the Bearpaw Mountains, 
near Havre on Milk River, and on Sage Creek in Canada. It is well 
shown on an eastern tributary of Dog Creek, where, a few miles from 
its junction with the main stream, a heavy bed of lignite 5 to 10 feet 
thick is underlain and overlain by 10 to 15 feet of light, soft sand- 
stone capped by the Ostren s\ibtrigo7iaUii layer, which in some places 
contains shells of Corhiciila cytlieriformw^ Corhulamibtrigonalis^ Goni- 
ob(ii<iH eo7ive,i'a.f etc., in considerable abundance. In some exposures 
there is a thinner bed of lignite above or below the main lignite seam, 
with an (htrea layer immediately capping it. About 3 miles east of 
Dog Creek and on the south side of the tributary mentioned above the 
uppermost (htrea bed is overlain by about 30 feet of black shales 
with concretions, but no fossils were found in them. These shales 
resemble very closely the Bearpaw shales, and doubtless represent the 
Iwise of that formation. 

EXPOSURES ON BIRCH CREEK. 

Birch Creek rises in the Bearpaw Mountains and flows south, empty- 
ing into Missouri River nearly opposite the mouth of Dog Creek and 
about 2 miles below the mouth of Judith River. A short distance 
below the point at which it leaves the mountains it enters a canj'on, 
which, like Dog Creek Canyon, is deep and rugged and is cut in the 
Judith River and underlying formations. A)K)ve this canyon the hills 
on either side of the creek are formed of the Bearpaw shales. 

The creek leaves the mountains bv two branches, the east and west 
forks, known resi)ectively as Birch Creek and Little Birch Creek. On 
the east side of Little Birch Creek, near the foot of the mountains and 
just l)elow the Fort Benton-Cow Island road, the Judith River beds 
are brought to the surface by a prominent northeast-southwest anti- 
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cline and protrude from beneath the Bearpaw shales. On either side 
of this anticline the Judith River beds dip gently and soon pass l>eneath 
the Bearpaw shales. 

A few miles west of Little Birch Creek, 1 mile above the bridge on 
the east fork of Eagle Creek, locally known as Dog Creek, a ridge of 
Judith River beds runs in a northeast-southwest direction and dips 
northwesterly, toward the mountains, at a high angle and soon passes 
beneath the Bearpaw shales. 

Between the point where Birch Creek enters the canyon and Mis- 
souri River the adjacent country is deeply dissected. It is a typical 
badland region and presents all the features already described as pre- 
vailing in the badlands of Dog Creek on the opposite side of the 
Missouri (PL III, A). The beds composing the canyon walls have in 
some places been much faulted and folded, often in such a complicated 
manner as to render difficult the determination of the proper sequence 
of the strata. 

One mile above its mouth Birch Creek has cut its way through a 
prominent anticline which extends for sevei'al miles in a north of west 
by south of east direction, and brings to the surface the Eagle and 
Benton formations. About 1 mile below Birch Creek this anticline is 
faulted and in the bluffs of a small canyon opening into the Missouri 
about 300 feet of Benton shales appear beneath an escarpment of yel- 
lowish-brown Eagle sandstones which here forms a most conspicuous 
topographic feature (see PI. Ill, B). At this locality the upper E^gle 
sandstone is in places very fossiliferous, and such forms as Cardmvi 
specio»am^ Tlieti8{f) ciroidaris^ Callista^ Leptosolen^ Baroda^ Phola- 
doinya^ and Baculiies are very common. Above the Eagle sandstones 
are about 400 feet or more of shales and sandstones belonging to the 
Claggett formation. The lower 200 feet or more consist of dark shales 
weathering to soft clay on the slope and containing BacuUtes ovatus^ 
PlcLcenticerds whitfieldi^ and Oermllia horealw. About 200 feet below 
the top of the formation is a band of brown sandstones and shales 
about 30 feet in thickness, with Avicula nebra8cana{f), Sphseriola 
endotrachys^ Tancredia americana^ Tdlina equilateral^^ and Lunatia 
subcrassa. Above this bed are frequent bands of sandstone inter- 
calated in the shales, and one of these, about 160 feet higher and there- 
fore very near the upper limit of the formation, yielded practically 
the same fauna, as follows: Cardiwn »peciosiim^ Tancredia americana^ 
Sphseriola (f) endotrachys^ Mactra fonnosa^ Liopistha {Cymella) 
undata^ Lunatia snhcrasaa^ and Bacidites sp. 

The upper portion of the'Claggett formation is well exposed on the 
ejist side of Birch Creek li miles above its mouth, at the first bend in 
the creek, just above the point where a difficult and little-used trail 
descends from the east. At this point about 20 feet of dark, sandy, 
and rather compact shale at the base are overlain by 10 to 15 feet of 
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yellowish -brown sandstone with sharks' teeth, Taiicredm afnerican/i, 
and other invertebrates in abundance. Then come 30 feet of arena- 
ceous shales, followed by 5 feet of sandstone overlain by 40 feet of 
shale. Then 3 feet of sandstone is separated by about 40 feet of shale 
from the 5-foot stratum of Taiicredla sandstone which has been taken 
as the upper limit of the Claggett formation. This exposure is well 
shown in PI. IV, B^ where the trees mark the limit between the 
Claggett formation and the overlying Judith River teds, which here 
have a thickness of 510 feet from the Tancredia sandstone at the base 
to the Ostrea suhtrlganalu layer at the top. The overlying Bearpaw 
shales are not represented in this immediate region, having been 
entirely removed by erosion. It was from the sandstones near the 
Imse of the Judith River beds near the mouth of Birch Creek that 
Professor Cope in 1876 secured the type of ManodomiuB cra^aus. 
From this point for a distance of 2 or 3 miles up Birch Creek the 
Judith River beds are quite undisturbed and present a continuous sec 
tion from their base to the Ostrea mhtriganolis zone. 

EXl'OSURES ON MISSOURI RIVER BETWEEN BIRCH AND COW GREEKS. 

On either side of Missouri River between Birch and Cow creeks the 
country is deeply dissected and presents the appearance of a wild bad- 
land region (see PI. IV, .^1). As on the lower courses of Dog and 
Birch creeks, the rocks belong to the Judith River beds and the under- 
lying Claggett formation, save at intervals where disturlmnces in the 
strata have brought to the surface the Eagle sandstones and underly- 
ing Benton shales. Everywhere in the vicinity of the river in this 
region the overlying Bearpaw shales have been removed by erosion. 
In places, however, not far from the river, especially on the south 
side near Cow Island, these shales overlie the Judith River beds, while 
they occur almost continuously along the old Benton and Cow Island 
trail along the southern foot of the Bearpaw Mountains l>etween Birch 
and Cow creeks. From Bearpaw Springs, at the southeastern base of 
these mountains, this trail continues wastward over the Bearpaw shales 
with only occasional exposures of the underlying Judith River beds at 
intervals in the bluffs of the coulees. At Black Coulee, about 6 or 8 
miles west of Bearpaw Springs, the Judith River beds outcrop from 
beneath the Bearpaw shales only a half mile below the point where 
the road crosses the bed of the coulee, and li miles farther down 
the coulee is a larger similar exposure. At the upper of these two 
exposures a section on the east side of the creek shows at the top a 
1-foot bed of shell breccia with Ostrea suhtrigoimUs^ CorVicula^ Coi^hJ^^ 
and Anomia^ underlain by 20 feet of light sandy clays followed by 10 
feet of lignite underlain by an ash-colored sandstone with thin seams of 
lignite to bed of creek. These beds hav(» a northerly dip of about 15*^ 
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and are overlain by the Bearpaw shales with nodules containing Bacul- 
ilea ovattis^ Plucenticeras whitfieldi^ and Inoceramvs, At the next 
lower bend in the creek the beds are still inclined to the north, but in 
the succeeding exposure the crest of a low anticline appears, and below 
this the beds dip to the south and soon pass beneath the Bearpaw shales, 
which occupy a basin between this and the more important exposure 
of Judith River beds already spoken of as occurring farther down the 
creek. The upper exposures of these Judith River beds contain 
Ostrea suhtrigonaliH^ Anmnia gryphorhyn<;hu8^ and Corbicida cyther- 
iformis^ and a bed a few feet lower yielded Sphsdrium planum^ Campe- 
loiua vetvla^ Gmilohasis invemiata^ and other fresh-water forms. 

Just to the left of the point where the Benton and Cow Island trail 
begins its descent into the valley of Sand Creek in going west toward 
Benton the upper Judith River beds dip northward at an angle of 30"^ 
and pass beneath the Bearpaw shales. A stratum of brown sandstone 
a few feet thick and about 100 feet below the top of the Judith River 
beds yielded Sphaeriwri planum^ Sphserium rectica/rcUnale^ Ooiiiobdsis 
8uhlsm)is^ and Campeloma vettd^f). Farther down the creek better 
exposures of the Judith River beds are to be seen, and at several places 
along the Benton trail near the forks of Sand Creek the Judith River 
beds are overlain by the Bearpaw shales, while 2 or 3 miles still 
farther downstream extensive exposures of the Judith River beds are 
capped by the Bearpaw shales. 

EXPOSURES ON COW CREEK. 

Cow Creek flows in a deep, rugged canyon from a place a short dis- 
tance below the point where it leaves the Bearpaw Mountains to its 
confluence with the Missouri. On the east side of Cow Creek and at its 
mouth there is a prominent exposure of Eagle sandstone (see PI. V). 
At this point these sandstones have been uplifted and form a con- 
spicuous ledge extending for several miles in a nearly north-south 
direction and dipping to the west at an angle of about 45^. These 
sandstones at this locality yielded the type of Omithomirmis grandw 
Marsh. Another nearly parallel and very similar exposure of the 
Eagle sandstones crosses 2 miles above the mouth of Bull Creek, a 
small tributary of the Missouri just below Cow Creek. 

The bluffs on both sides of Cow Creek for several miles above its 
mouth are made up largely of rocks belonging to the Claggett forma- 
tion overlain by the lighter-colored materials of the Judith River 
beds. The rocks here do not differ materially from those already 
described as belonging to the same formations on Dog and Birch 
creeks farther up Missouri River. At frequent intervals the beds are 
much faulted and disturbed and the underlying Eagle sandstones and 
Benton shales are exposed. 

AbouG 6 or 7 miles above its mouth Cow Creek is crossed by a dike 
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of igneous material, in places attaining a thickness of 10 feet. On the 
east side of Cow Creek about a mile below this dike is a section in 
which are exposed about 200 feet of Judith River beds overlain by 
the Bearpaw shales, and which is different from all other sections 
examined, as it contains a strictly marine horizon well within the 
limits of the Judith River beds. The section is as follows: 

Section on east side of Cow Creek, 

Feet. 

12. Dark shales of the Bearpaw formation 200 

11. Similar ash-colored sands or arenaceous clays 25 

10. Ash-colored sands with many Ogtrea stibtrigoncUis 1 

9. Lignite 4 

8. Soft ash-colored sandstone 40 

7. Lignite 1-4 

6. Very soft buff sandstone 10 

5. Ash-colored arenaceous clays with bands and nodules of brown sandstone 

and occasional nodules of clay-ironstone in lower portion 40 

4. Yellowish, more or lees lenticular sandstone with teeth of sharks and other 

fishes and bones of marine and fresh-water turtles 2-6 

3. Soft, friable, ash-colored argillaceous sandstone, the upper 2 or 3 feet con- 
taining numerous vertebrate remains, including sharks' teeth, mosasaur 
bones, vertebrae of PdlxoHcincus, Ischyrolherium^ and a horn core of Cera- 

tops montanus (?) 30 

2. Yellowish sandstone weathering into large no<iular masses 10 

1. Soft, friable, light-gray or ash-coloreti sandstones not well exposed. A band 
about 20 feet from the top yielded Leda^ Nucuia^ TeUina^ Liopistha ( Cym- 
eUa) undaXay Mactra imrrenana (?), Lunatiay and PlaceiUiceras (?). These 
are mostly not specifically determinable, but they indicate a strictly marine 
fauna 30 

The upper lignite and the Ostrea bed (Nos. 9 and 10) may unques- 
tionably be assigned to the horizon that has been recognized through- 
out this region as belonging near the top of the Judith River for- 
mation, and all of the beds below No. 12 must be assigned to that 
formation on account of their stratigraphic position and general lith- 
ologic character. The land and fresh-water vertebrates found 100 
feet below the Ostrea bed belong to the Judith River fauna, while the 
marine mosasaurs found with them and the marine inveitebrates 
occurring 60 feet lower show plainly that locally the conditions under 
which the formation was deposit^vd were different from those that 
generally prevailed. As these marine beds appear to pass horizonbilly 
into fresh-water deposits within a short distance, it is probable that 
they were laid down in a narrow bay or inlet which was not very far 
west of the ocean. 

Farther up Cow Creek the Judith River beds form an increasing 
proportion of the walls of the canyon, and about 13 miles above its 
mouth the bluffs are composed of them exclusively, save at inUnvals 
where disturbances have brought the underlying marine deposits to 
the surface. 
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Al)out 10 miles above the mouth of Cow Creek, at the point where 
the old Fort Benton and Cow Island freight road leaves the creek and 
turns westward toward the Bearpaw Mountains, there is a conspicuous 
fault in the Judith River beds, which is shown on PL VI, B, North 
of the fault for some distance up the creek and almost uninterruptedly 
westward to the base of the Bearpaw Mountains the Bearpaw shales 
conformably overlie the Judith River beds. This is the locality men- 
tioned by Hatcher", where, in 1888, he observed about 400 feet of 
what appeared to be Pierre shales overlying the Judith River beds. 

Immediately south of the fault mentioned above, a prominent ridge 
composed of sediments belonging to the Judith River beds projects 
into the valley of the creek. The type of Ceratops rnontarmis was 
obtained near the summit of this ridge, and the beds yielded also the 
remains of Tracliodon mirahiliH^ turtles, crocodiles, and fishes of 
Judith River types and a considerable number of fresh-water inverte- 
brates, including Unto danae^ Unio primawus^ Sphserium planum^ 
Sphs&rium r^ecticardinale^ Goiiiobdsis invenicsta, Goniobasis judithemis^ 
Physa copei,, Ilyalina occidentalism and Valvata montanaensi^. 

Near our cailip, at the point where a new trail enters the valley from 
the west, 2 or 3 miles above the point where the old Fort Benton 
and Cow Island trail leaves the valley, is an area that is extremely 
interesting and will therefore be described with some detail. On the 
summit of the bluff west of Cow Creek, just to the left of the Benton 
trail, a short distance al)ove its junction with the new trail, is an 
important fault running N. 15° E. and bringing the Judith River 
beds up on a level with the Bearpaw shales. This fault strikes across 
the head of one of the tributaries of Cow Creek, and a mile or two 
below in the valley on either side of this tributary undisturbed Judith 
Riverbeds imderlie the Bearpaw shales in a nearly horizontal position. 
An aneroid measurement gave a thickness of 535 feet for the Bearpaw 
shales, assuming them to be horizontal. Just above our camp, on Cow 
Creek, a sharp anticline crosses the creek in a northwest-southeast 
direction. Save for this local disturbance the Judith River beds in 
the immediate vicinity of camp on both sides of the valley of Cow 
Creek are undisturbed and lie beneath the Bearpaw shales. The 
base of these shales is here composed of about 25 feet of light-colored 
shales and sands, 10 feet of rather dark shale at base, and 15 feet of 
ash-colored arenaceous shales above, with numerous large clay stone 
concretions weathering yellow. The sands contain Liopistha 
{Cymdla) undata^ Mactra warrenana^ Lunatia snJ)cra88a^ and Placenti- 
ceras wIdtfieldL Above these come 535 feet of typical Pierre (Bear- 
paw) shales with their characteristic fossils. Below these marine 
beds, at the base of the hill directly in front of our camp, are exposed 

a Science, n. h., vol. 16. 1902, pp. 831-832. 
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75 feet of the upper Judith River beds, consisting of 25 feet of ash- 
colored sandstones with numerous very large, irregularly conical brown 
sandstone concretions, underlain by 10 feet of lignite, very impure at 
base, which in turn is underlain by 40 feet of light-colored sandstones. 
These beds contain remains of turtles and dinosaurs. At the point of 
junction between the Judith River beds and the overlying Bearpaw 
shales there is a 1-foot stratum of shell breccia composed of Ostrea 
s^ihtri^analis with Gonloba^is cofivexa var. impressa^ Panopaea aiinula- 
trlx^ Corhula svbtrigtmalis^ Anmaui gryphorhyiichns^ Corbieula cytheri- 
formu^ and Corbicxda occideiitaJh (?). The same horizon at another 
locality in the neighborhood yielded Vivipamis conradi associated with 
Corhicvla^ Ostrea^ and Anmnia, 

One mile below camp on the east side of the creek there is an 
important uplift, bringing up the entire Judith River series and several 
hundred feet of the lower marine beds. The section to which the 
Bearpaw shales are added from exposures west of camp is as follows: 



Section on east ftide of Cow Creek. 



Feet Feet. 



5. Bearpaw shales, including the marine light-colored sands and 
shales at base, but not allowing for westerly dip, which, if 
continuous, as shown in front of exposure on west side of 
CJow Creek, would give a thickness of nearly, or quite, 700 
feet 560 

4. Judith River beds, the middle portion covered in l)ed of creek. 
One hundred and fifty feet of lower Judith River beds are 
continuously exposed in the unper section, and one-half 
mile east, where the Juditli Kiver beils are horizontal, a 
thickness of 490 feet was measured, but the base is not ex- 
posed at this point. A shale bed about 30 feet above the 
base of the formation yielded many leaves of Trapaf micro- 
phyUa^ together with abundant fresh-water Mollusca, in- 
cluding Sphssrium planum^ Sphserium recticardincUe, Physa 
copei( t)j and Goniobam nubtortuosa. Another horizon about 
300 feet from the top, in the exposure one-half mile east of 
the section, yielded SpJutriiim planunif Anodonta propatoriSf 
Unio danie{f)f Unio prirmemiSt Valtnita montanaensis, Hycdinaf 
evangif Hyalinat occidentalism Pianorbis amplexus, Physa copei^, 
Omi lobasis suhtortuosa^ and Goniobam gracilenta 490 

3. Claggett formation : 

c. Light-colored shales or sandy clays with band of brown sand- 
stone containing Tayicredia americana in middle. Top of 

marine 50 

b. Yellowish-brown sandstones, generally soft, but with harder 
layers and lenses, with Tancredia americana, Cardium specio- 
sum, Tellina equilateral is, Liopistha ( Cymella) undaia, Lunatia 

subcrassa, Baculites sp., and fragment of vertebrate jaw 20 

a. Dark shales with concretions bearing BactUites ovatus, B, com- 
preasus, Nucula cancellata, Leda ( Yoldia) evansi, and Genrillia 
luyrealis. These shales weather much as the Bearpaw, but 
with a reddish tinge. The concretions are different and 
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3. Claggett formation — Continued. Feet. Feet, 

with fewer fossils and not so great a variety. These beds 
become lighter toward the top, the upper 50 feet contain- 
ing two seams of thin brown sandstone, each 2 to 3 feet 
thick 300-iOO 



Total thickness of Claggett formation 370-470 

2. Eagle formation. No fossils: 

e. Cross-bedded and finely laminated sands with thin seams of 

lignites, in places becoming more massive 125 

d. Very light-colored, fine, heavy-bedded sandstone 40 

c. Heavy-bedded buff sandstones, soft at base, but harder 
above, and with indurated lenses and numerous large con- 
cretions, weathering brown at top. The thickness of b and 
c is very variable .* 50 

b. Heavy-bedded buff sandstones with lenses of lignite and 

shales sometimes exhibiting cross-bedding 30 

a. Regularly-bedded ])uff sandstones with several thin seams 

of dark shales 20 



Total thickness of Eagle formation 265 

1. Dark Benton shales with BactUUes and other invertebrates in 
concretions, and containing several layers of sandstones in 
upper 100 feet. The following fossils were found in these 
shales near the base: Tnoceramw sp., fragments of a thick- 
shelled form; Pnono/ro/^w/ sp., fragment; ScaphiiesverUrico- 
bus; Baculites sp., a slender, strongly nodose form. Several 
genera of invertebrates not specifically determinable were 
collected in the upper portion 300 

Above our camp for several miles the bluffs of Cow Creek show 
important exposures of the Judith River beds, everywhere overlain by 
the Bearpaw shales. These shales are everywhere more or less fossil- 
iferous and near Hedge Brothers ranch, on upper Cow Creek, the fol- 
lowing species were obtained: 



Gervillia borealis. 
Inoceramus barabini 
Leda (Yoldia) evansi. 
Lucina subundata. 
Theti£(? circularis. 
Lunatia. 

Anchura americana. 
Cinulia. 



Fossils obtained on upper Cow Creek. 

Anisomyon centrale. 
Anisomyon alveolus. 
Baculites ovatus. 
Baculites compressus. 
Scaphites subglobosus. 
Scaphites nodosus. 
Placenticeras whitfieldi. 



Pis. VI and VII show well the chief lithologic and stratigraphic 
features displayed by the various horizons in this region. 

AREA NEAR HAVRE, MONT. 

The most extensive exposures of the Judith River beds in this area 
are on the north side of Milk River from 1 to 4 miles above the town 
of Havre, a small station on the Great Northern Railway just north of 
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the Bearpaw Mountains. This is perhaps the most accessible of all 
the exposures of these beds. Here is a rather large and picturesque 
badland region composed entirely of the Judith River beds. On the 
north side of Milk River about one-half mile above Havre the road 
crosses a deep gulch by a small bridge. At the point where this 
gulch emerges from the bluffs into the river valley, about 80 yards 
above the ])ridge, there is on its right side a cut bank, some 20 feet in 
height, showing two seams of impure lignite. The lower and thicker 
of these is about 6 feet above the bed of the gulch; the upper is 
thinner and less pure and is about 10 feet higher than the lower. 
These two lignites are overlain by the Bearpaw shales, though these 
shales are probably not in position and are somewhat more arenaceous 
than usual. In them were found in place two limestone conci*etion8, 
one of which contained shells of (htrea patina and the other Inocera- 
m m 8a<jen8ls. Immediately beneath, in the wash at the bottom of the 
gulch, but evidently derived from the shales, was found a similar 
limestone concretion containing Place?* tieeras whitfieldL 

Up the river these lignite seams outcrop at frequent intervals in 
the bluffs. They rapidly assume a more elevated position and show 
at this point a decided easterly dip, amounting to perhaps AP or 5°. 

About 100 yards west of the exposure just described a prospecting 
tunnel has been driven into the lower and more important lignite 
seam, and between it and the overlying seam is a light horizontally 
cleaving sandstone. 

Three hundred or -iOO yards farther west these lignites are no longer 
visible, having perhaps passed above the present upper limits of the 
bluffs and been carried away by erosion . 

A half mile farther up the river the bluffs on thii north side present 
a picturesque badland area, consisting at the Imse of 160 to 200 feet 
of usually light-colored sandstones and cla^^s, with brown sandstone 
concretions and occasionally thin seams of lignite. (See PI. VIII, A.) 
In these beds at several horizons were found in considerable abun- 
dance dinosaur bones, crocodiles, garpike scales, turtles, and other 
vertebrates with fresh-water Mollusca, including Unio dan^y TJnio 
supenmoenms^ Anodonta propat&ru^ Spherium planum^ Physa copeij 
Goni<)ba8i8 suhtortuosa^ Goniobasu invenmta,, Gonitybasis j^idithensis^ 
etc. The assemblage of fossils as well as the lithologic features of 
these beds are those of the Judith River beds. 

A bove these light-colored, fresh- water deposits are two lignite seams 
which are very similar to those occurring at the locality where the 
marine fossils were found and bear the same relation to each other. 
This badland exposure continues for 3 or 4 miles farther up Milk 
River and the beds in every way resemble the Judith River beds at 
the type locality. 

On the south side of Milk River for 3 miles west of Havre, or to a 
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point about 1 mile above the mouth of Beaver Creek, are frequent 
exposures of the Judith River beds, overlain by the Bearpaw shales. 
The strata in these exposures have suflFered much disturbance and are 
inclined at varying angles, in two or three places being nearly ver- 
tical. The exposures are not sufficient to reveal the structure com- 
pletely, but in general the beds seem to have been folded sharply 
and faulted to some extent. Wherever the top of the Judith River 
formation is exposed it is overlain by the Bearpaw shales, with their 
chamcteristic fossils. This is especially noticeable in the bluff just 
below the mouth of Beaver Creek. Here the beds are inclined at a 
very high angle, perhaps 60^, with a southwesterly dip. At the bot- 
tom they are composed of about 200 feet of light-colored sandstones 
and arenaceous shales resembling the upper Belly River beds, as 
described by Dawson. These light sandy materials are succeeded by 
a series of light-colored clays and shales with 8 or 10 seams of lignite, 
which become thicker and purer toward the top and are overlain by a 
bed of Ostrea subtrigonalis^ about 2 feet in thickness. This upper 
series of light-colored shales, lignites, and oysters has a thickness of 
about 60 or 75 feet and appears to represent the extreme top of the 
Judith River formation. It is overlain by dark marine Bearpaw 
shales, best seen at the foot of the exposure facing Beaver Creek and 
on the south side of the railroad track, and containing Inoceramm^ 
Avieula luiguiformis^ Modiola tneekii^ and Baculites compressxm. 

Below the mouth of Beaver Creek a high ridge that faces Milk 
River continues a mile or more toward Havre. The upper part of the 
exposure is composed of the light-colored sands and shales of the 
Judith River beds. For perhaps half a mile there is exposed a lower 
thick stratum of heavj" -bedded brown sandstone, which outcrops just 
above the railroad ti*acks and contains numerous spherical and irreg- 
ular concretionary masses. This brown sandstone has an observed 
maximum thickness of about 30 feet. No fossils were found in it, but 
near its eastern extremity it is immediately overlain by some brown 
cherts with the shells of Corhula siibtrigonalis in great abundance. 
This sandstone may be the top of the Claggett formation. 

Above Beaver Creek, in the narrow ridge between this creek and 
Milk River, the sequence and relative positions of the fresh-water 
Judith River formation and overlying Bearpaw shales are well shown. 
(See PI. Vni, B.) In the valley of Milk River a short distance above 
the mouth of the creek there is a small uplift with the axis running 
in a northwest-southeast direction. Above this for a distance of 300 or 
400 yards, in the bluffs facing Milk River, there is a shallow syncline, 
the trough of which at its deepest portion is filled with Beai-paw shales 
containing Ostrea patina^ Liopistha ( Cymella) undata^ Baculites coni- 
pressus^ and Ptacenticeras whitfieldi. In the uplift just mentioned and 
in the eastern and central portion of the syncline only the upper por- 
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tion of the Judith River beds as seen below the mouth of the creek 
is shown. The lignites and overlying oyster bed, which here con- 
tains Oatre^ aubtrigonalis^ Corbicula cytherifonnis^ Anomia gi^ypho- 
rhynchus^ and Goiiiobasia convexa^ are especially prominent. On the 
western limb of the syncline the lower and more arenaceous members 
appear. Here the entire series is inclined at a higher angle and is 
clearly seen to pass beneath the Bearpaw shales. 

Owing to the disturbances in the beds about Havre, it is not easy to 
determine in a perfectly satisfactory manner the sequence of the dif- 
ferent horizons. This is especially true of the above-described expo- 
sures in the bluffs above the town, where, unless one is familiar with 
the character of the different formations and has determined their true 
sequence in less disturbed regions, the confusion is indeed perplexing. 
The most satisfactory locality for studying the Judith River beds in the 
vicinity of Havre is on the south side of Milk River about 6 miles 
below Havre, on Boxelder Creek, about 2 miles south of Toledo, a 
small station of the Great Northern Railway. Here the tops of the 
high hills are capped with 26 to 60 feet of Bearpaw shales conformably 
overlying the Judith River beds. Considerable disi/rbance is notice- 
able in the bluffs of the creek at this point, but in the hills 1 mile Ut 
the north the sequence of the strata is quite evident. 

At the Black Diamond Coal Conipan^^'s mines, 9 to 11 miles south- 
east of Havre, in a draw on the west side of Boxelder Creek, there is, 
in the uppermost Judith River beds, a coul vein 6 to 7 feet thick. It 
has a gentle southerly dip and is overlain by 20 feet of Judith River 
deposits and 160 feet of Bearpaw shales, from which were collected 
hu)ceram\(^ sageiisis^ PUiceiitlceraa whif/field! ^ Pla<*ent!ceras inter cal4irt\ 
and Ba<iulites ointm. From this point a range of hills, composed at 
the base of Judith River beds and capped with the Bearpaw shales, 
extends in a northwesterly^ direction to near the mouth of Boxelder 
Creek. The Bearpaw shales here, as elsewhere, in weathered exposures 
show loose black shales with limestone concretions. Some of the con- 
cretions are 12 to 16 feet in diameter and very symmetrical. 

EXPOSURES ON MILK RIVER FROM HAVRE TO THE INTERNATIONAL 

BOUNDARY. 

Above Havre the Judith River beds are exposed almost contin- 
uously in the bluffs on either side of Milk River to and beyond th(^ 
international boundary. There are also occasional exposures of 
the underlying Claggett formation and less frequently of the over- 
lying Bearpaw shales. Although the region i» a plains country, the 
strata have been much disturbed and are faulted and folded in a j 
remarkable manner. In many narrow belts the disturbances are as j 
great as those usually encountered in an intensely mountainous coun- 
try, though in the larger areas between the disturbed zones the beds 
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are practicttlly horizontal. Since the uplifts oixurred the country has 
been planed off by erosion and covered with thin Pleistocene deposits, 
so that it is only along the modern drainage courses that there is any 
evidence of such disturbances, and it is not always easy to determine 
definitely the exact relations of the various strata. 

About 6 miles above Havre a small tributary known as Meili Coulee 
enters the Milk River Valley from the north, about half a mile above a 
conspicuous red butte, the color of which is due to burned-out lignite 
seams. At the mouth of Meili Coulee are prominent exposures of the 
Judith River beds dipping northward at a high angle and overlain by 
the Beai*paw shales. (See PI. IX, -^1.) For half a mile before enter- 
ing the valley of Milk River the bluffs on the east side of this coulee 
show the following section: 

Section on east side of MeUi Coulee. 

Feet. 

4. Bearpaw shales with Baadites ovatus and Plac.enticeras whUfieldiy etc 50 

3. Shales underlain and overlain by shell breccia composed largely of Ostrea mh- 

trigonaliSj forming the top of the Judith River beds 20 

2. Lignites, shales, and sandstones 40 

1. Light-colored sandstones and shales of the Judith River beds with their char- 

acteristic fossils 250 

The beds up to this point are inclined at a high angle and dip to the 
north, and the sequence and relations of the strata are quite evident, 
but above this point the beds have a different character and are much 
more nearly horizontal, although they are still gently inclined to the 
north. At this point in the section the beds have been faulted and the 
sandstones and shales of the Claggett formation abut against the Bear- 
paw shales, having been elevated far above their normal position 
relative to these shales. 

Farther up the draw from this point the following section is seen in 
the bluffs on the east side: 

Section on east gide of Meili Coulee. 

Feet. Feet. 

2. Judith River lieds 

f. Light-colored sandstones and shale with lignite and stratum of 

shell breccia at the top 100 

e. Sandstones, shales, and thin seams of lignite 130 

d. Shell breccia 3 

c. Shales and lignite 20 

b. Ostrea ftubtrigonalis bed 2 

a. Lignite and shales 20 

275 

1. Sandstones and shales of the Claggett formation with marine invertebrates. 160 

A little way above its mouth Meili Coulee is crossed by the fault 
mentioned above. This fault bears N. 60*^ W. by S. 30^ E., and above 
it the sandstones and shales of the Claggett formation dip gently to the 
north until, at a distance of perhaps half a mile farther up the coulee, 
they pass beneath the Judith River beds. In a yellow sandstone layer 
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near the top of the Claggett formation were collected Tancredm amer- 
icana^ Miictra fanm)8a,, and a few other invertebrates. 

Just north of the red butte situated below the mouth of Meili Coulee 
is a rather extensive exposure of Judith River beds with numerous 
sandstone lenses and concretions exhibiting cross-bedding and other 
evidences of strong currents. From these we secured remains of 
TroAihodon mirabilh^ Pcdseoscincm costatus^ and the mammal jaw shown 
in fig. 1 (p. 100). 

In various small draws or coulees between Meili Coulee and Supe- 
naw Coulee, 6 miles farther up the river, conditions similar to those 
prevailing in Meili Coulee were observed. The fault that crosses 
Meili Coulee near its mouth is continuous and crosses each of these 
coulees with about the same trend of N. 60° W. by S. 30° E. This fault 
crosses Supenaw Coulee about a mile above its mouth and just above 
Thackeray Brothers' reservoir. Above the fault the sandstones and 
shales of the Claggett formation dip gently to the north and soon pass 
beneath the Judith River beds, which here attain their normal develop- 
ment, and at a distance of about 3 miles, or near the head of the west 
fork of the Coulee, the lignite series at the top of these beds appears 
in much the same manner as in the other regions described. In Supe- 
naw Coulee the lignite beds are partly burned out and the adjoining 
clays and sandstones are baked red. They were still burning when 
visited. Interstratified with these lignites are beds of fresh-water 
MoUusca, Campeloma vetvl<i^ and Unios^ associated with Ccfrlndapervn' 
data^ and three strata of Ostrea suhtriganalis. 

At the head of Browns Coulee, about 12 miles farther up the river, 
the Judith River beds ar« well developed, and on this coulee, about 2 
miles above its mouth, is an area of much disturbance, in which a brown 
sandstone of the lower Judith River beds appears in a steep anticline. 
There are here two sandstone^s separated by 30 feet of shales. In th^ 
upper of these we obtained shells of Ilyalina occidental^ and //. evafisi^ 
dinosaur bones, and fi-agments of a very large turtle. About 100 
yards below this anticline there is a second and larger fold affecting 
the Claggett formation, which on the north side passes beneath the 
Judith River beds. The northern limb of this anticline dips at an 
angle of 45°, while the southern is nearly or quite perpendicular, the 
sandstones and shales having the appeamnce of a vertical dike with its 
southern border resting against the lower brown sandstones of the 
Judith River beds, which are here only moderatelj'^ inclined. There 
is thus unmistakable evidence of a fault as well as a fold at this point. 

From Browns Coulee the bluffs of Milk River exhibit frequent evi- 
dences of disturbances as far as Simpson's ranch, about 9 miles nearly 
due south of Wild Horse Lake, which is on the international boundary. 
About 1\ miles below Simpson's ranch the Judith River beds are well 
exposed, and we secured remains of Ceratops^ Auhlysodon^ and Acipen- 
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8er^ with Unio sp., Sphserium planum^ Goniobasis invenusta^ Gonio- 
basis judithensis^ Physa copei^ and Yiviparus. 

Above Simpson'« ranch, to and beyond the international boundary, 
disturlmnces in the beds are less frequent, and the bluffs of the river, 
which have an average height of about 200 feet, are composed almost 
entirely of the light-colored sandstones and shales of the Judith Kiver 
beds. 

At Black Butte, a low prominence on the north side of Milk River 
about 7 miles west of south of Wild Horse Lake, the river valley has 
a width of scarcely more than a mile and a depth of perhaps 250 feet. 
The butte stands on the crest of the bluff and, on account of the level- 
ness of the surrounding country, is visible from a considerable distance 
and forms a rather conspicuous landmark, notwithstanding its low alti- 
tude. At the top of this butte are 75 feet of glacial material, beneath 
which there are about 175 feet of the Judith River beds. At about 
the middle of the exposure are several feet of shell-marl and in this 
we secured numerous teeth of Trachodon^ Lsdaps^ and other dinosaurs, 
lizards, fishes, etc., together with Unio priscus{\)^ Unio primaemis^ 
Sphseriuvi planum^ S, recticardinale^ Goniohasis mblsevis^ and G. sub- 
tortiiosa. 

There are also local developments of cross-l)edded brown sandstones 
with numerous concretions, and these afforded a few vertebrae, teeth, 
and other remains of Trachodon^ Oeratops^ and Laelaps. 

No lignites were seen here. The upper lignites, so characteristic of 
the Judith River beds, are wanting in this section and have doubtless 
been eroded away. They were last seen on the summit of the highest 
hills about the head of Cottonwood Coulee, 18 miles from Wild Horse 
Lake, on the road from Havre. 

EXPOSURES ON MILK RIVER NORTH OF THE INTERNATIONAL BOUNDARY. 

For some distance beyond the international boundary Milk River 
flows through a narrow and picturesque valley, about 200 feet in depth, 
carved out of the Judith River beds. A few miles below Pendant 
d'Oreille, a northwest mounted police station on Milk River about a 
mile below the mouth of Pakowki Coulee, the uppermost members of 
the "lower dark shales," as described and mapped by the late Dr. 
George M. Dawson, appear above the level of the river and occupy 
successively more elevated positions in the bluffs until, at a distance of 
about 1 mile above the police station, these shales and sandstones, con- 
stituting the Claggett formation, form almost the entire bluffs of the 
river, the overlying Judith River beds having here been almost entirely 
removed by erosion. In a bluff on the north side, and at the first bend 
of the river below Pendant d'Oreille, about 160 feet of beds are exposed 
(PI. IX, B). The lower 100 feet of this exposure are composed of 
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the Claggett formation, the ''lower dark shales" of Dawson, while the 
upper 60 feet belong to the Judith River beds, "Belly River series" 
of Dawson. The section is as follows: 

Section on Milk River near Pendant (V Oreille. 

Feet. 

8. Light Bandstones and soil 10 

7. Light Bandstones with Unio at top 5 

6. Liglit sandstones with shells of Corhxda at top 19 

5. Ostrea suUrlgonalis breccia. ..*. 4 

4. Light-yellow sandy material 10 

3. Impure lignite and shell breccia with Corbnln suUrigonaliSf C. perundaia^ Orr- 

hvMla cytheriformisy Unio p^nscus (?) , and Nerilina 4 

2. Light-colored arenaceous shales 20 

1. Dark shales belonging to the Claggett formation with limestone concretions 

and bands of sandstone containing Nticulaf Leda, and Liopistha ( Cymella) 

undata 100 

Nos. 2 to 8 belong to the base of the Judith River beds. 

The bluffs of Milk River at the mouth of Pakowki Coulee, imme- 
diately above the police camp, are formed almost entirely of marine 
deposits, consisting, at the base, of dark shales with bands and nodules 
of limestone and at the top of light-yellow soft sands and arenaceous 
shales with harder layers of blue sandstones, weathering brown. The 
latter yielded Baculltes asper (?), Lunatia subci'ossa^ Tatici'edia araeri- 
ca7ia^ Cardium speciofncm,^ TellinaCi) sp., and Mactra, On the highest 
points these beds are capped by about 3 feet of impure lignite over- 
lain by light sandy shales with a few Vnio8 and turtle fragments. In 
the marine sandstones underlying these lignites, along with the inver- 
tebrates just mentioned, were found several species of sharks^ teeth. 

Two and a half miles below the police station, in the bluff on the 
north side of the river, is a bed of well-preserved shells, about 2 feet 
thick, immediately overlying the 4-foot lignite seam seen in the bluff 
just below the police station. In this shell bed we collected Unio sub- 
spatidatus^ Unio sujyragihbos^m (?), Modiola^ Cm'bicula occideniaZia^ 
Corbicula cytherifonnis (?), Corbulu sid>trigonalis^ Corbula perundata^ 
Rliytophorus glabet\ and Ooniobasis ijivemtsta^ all in a good state of 
preservation. This shell bed is overlain by about 10 feet of arena- 
ceous shale, which is light at the base and dark above, and is followed 
by a 3-foot vein of lignite. 

In a canyon tributary to Milk River about 8 miles below Pendant 
d'Oreille the following section is shown: 

Miction in canyon iribtUary to Milk River 8 miles below Pendant d' Oreille, 

2. Judith River beds: Feet. Feet. 

d. IJght-colored sandstones and shales with a variable upper mem- 
ber of \"ellow, cross-bedded, concretionary sandstone which 
sliowi^ a maximum thickness of 100 feet in the upper course of 
the canyon 300 
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2. Judith River beds — Continued. Feet. Feet, 

c. Sandstones^ lignites, and shales with several layers of Osirea 
subtrigonalis and some fresh-water shells. The principal lignite 

bed, 6 to 8 feet in thickness, is at the base 50 

b. Light-colored sandstones, becoming yellow toward the top 50 

a. Buff arenaceous shales with remains of turtles and fragments of 

dinosaur bones 25 

425 

1. Marine beds belonging to the Claggett formation, consisting of dark 

shales with bands and lenticular layers of brown sandstone, 

containing Tancredia americana^ Tellina (?) sp., and Vanikorop- 

»is iuomeyana, with an admixture of such brackish-water fonns 

as Ostrea glabra ^ Corbuln mihtrigonaliSf and Melania ? whUeavm^ 

about 100 

From Pendant d'Oreille to Hooper's ranch, on Many Berries Creek, 
about 6 miles northwest of Pakowki (Badwater) Lake, the Judith 
River beds are exposed at frequent intervals in the slopes of the hills 
a few miles. east of the trail. They also appear in the bluffs of the 
creek both above and below the ranch. Some miles northeast and 
east of Hooper's ranch there is a high ridge forming the divide 
between Sage Creek and Many Berries Creek (Big Timber Creek of 
some maps). Along the western slope of this ridge the Judith River 
beds are extensively exposed and are overlain by the Bearpaw shales. 

SAGE CREEK AREA, ASSINIBOIA. 

On Sage Creek, a small stream from the overflow of which Wild 
Horse Lake has its origin, there are important exposures of the Judith 
River beds, which have been described and mapped by Mr. R. G. 
McConnell. These occur north of the lake on the west side of -the 
road, about 8 miles north of the international boundary, and also 
about 2 miles below Carroll's ranch, on Sage Creek. At the place last 
named some excellent exposures of the Judith River beds in the bluffs 
of a western tributary of the creek yielded Sphcerium planum^ Gonio- 
basis mblsevls^ ViviparuSj and plant fragments, including a cone. 
The lignite-bearing strata at the top of the Judith River beds are not 
represented here, but just above Carroll's house, on the west side of the 
creek, they appear, and they are frequently exposed for several miles 
in the bluffs of Sage Creek and its tributaries with characteristic ver- 
tebrate and invertebrate fossils. About 5 miles above Carroll's ranch 
and a mile or two above the mouth of the West Fork, Sage Creek flows 
through a deep, narrow gorge, the hills being much higher on the west 
side than on the east, and somewhat higher than the plain to the 
southeast. In the upper part of this bluff are about 50 feet of Bear- 
paw shales with BdcuUtea ovatus^ Placenticeras whitjieldi^ Callwta 
deweyi^ Gyprina ovata^ and Ostrea patina. Underlying these shales 
are about 160 feet of the upper Judith River beds, with the lignites at 
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the top and light ash-colored and brown sandstones at the bottom (see 
PI. X, B), In a brown sandstone about 10 feet above the creek are 
Ihiwat and other fresh-water invertebrates, and 75 feet above the creek, 
near the base of 15 feet of light ash-colored sandstones overlying a 
bed of impure lignite, we found a considerable portion of a Trachodon 
skeleton. (See PL X, A.) 

The following is a section from the bed of the creek to the top of 
the hill as displayed at this place: 

Section on Sage Creeky Asfiniboia, 

4. Bearpaw shales with characteristic fossils, Ostrea patinay Plcuxnticeras wltU- 

Jieldi, and Baciilites orcUuSj etc 60 

3. Finely banded shales with 4 feet of impure lignite at base and several feet of 

same at top. Occasional thin seams of lignite in main body of shales . . 50 

2. Light ash-colored sandstones with Trachodon skeleton at base 16 

1. Sandstones and shales with lignites, the latter especially well developed 
toward the top. Ten feet from the base is a heavy bed of hard sand- 
stone, weathering brown, with Utiio danit, Anodontaprop<it(tri8,Spfutrium, 
PhyaUj and Hyalina occidentalism In the middle there is an exposare 
of alx>ut 10 feet of light ash-colored sandstones with ferruginous nodules 
and lensi^ of brown sandstones. The nodules have numerous fragmen- 
tary plant remains. This is overlain by 15 feet of arenaceous shales and 
lignites 75 

About 4 miles farther up Sage Creek, in the vicinity of McClean's 
ranch, are important exposures of the Bearpaw shales with such char- 
acteristic fossils as Baeidit^ (watiut^ Pla<:etiticer(ii< wldtfieldi^ 0%trea 
patina^ and Ino^ ramus sagensU. This is a typical development of the 
Bearpaw shales, consisting of dark, finely laminated shales with lime- 
stone nodules inclosing numerous specimens of Bacvlites and Macen- 
tfce?'as, The^e shales are clearly seen to be the same as those over- 
lying the Judith River beds farther down the creek. The aneroid 
gave them a thickness of 110 feet, but the base was not shown. On 
the west side of the creek, a mile below McClean's fence, there is a small 
exposure of the Judith River beds just at the bottom of the creek bluff. 
This is the uppermost member of these beds, the main body having 
here passed beneath the level of the stream. About 66 feet of the 
uppermost lignitiferoiis beds are represented. 

Opposite McClean's ranch, on the south side of Sage Creek, 100 feet 
of upper Judith River beds overlain by 200 feet of Bearpaw shales 
form a mngc of hills 8 miles west of south of McClean's house. The 
Beai*paw shales at this locality yielded B<wulites (watm^ B. compresftus^ 
Placentlcet*twwhltjieldi^ P. mtercal^ire^ Naidilusd^ikayl^ Ostrea patina, 
Cyprina ovata^ Ofllista detcey!^ gasteropods, and crustaceans. No fos- 
sils were found in the Judith River beds, which here consist of the 
uppermost 100 feet of that formation and carry much impure lignite. 
The Bearpaw shales are here cut by two or three sandstone dikes, each 
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about 10 inches wide and several hundred yards in length. These 
dikes have a northwest-southeast direction and dip 60^ NE. At 
this locality the Bearpaw shales are very fossiliferous and present four 
distinct white alkali bands. From this point northward the divide 
between Sage Creek and Willow Creek, along the road to the Cypress 
Hills, consists of Bearpaw shales covered by a thin veneer of glacial 
drift. 

On Willow Creek, a small stream rising in the western end of the 
Cypress Hills, are extensive exposures of Bearpaw shales containing 
Jiac^dite^ coiapressus^ Anchura americana^ ClntUia concinna, Lticina 
»ubundata^ Pectefi {Chlarr^ys) nebrascensls^ and Avicvla linguiformis. 
Just below John Reed's ranch, on Willow Creek, a heavy bed of brown 
sandstone caps these shales. In no place in this vicinity were we able 
to find the base of the shales exposed, so that we were unable to esti- 
mate their thickness. As one ascends Willow Creek the brown sand- 
stones mentioned above rapidly increase in prominence and at the head 
of the creek form the greater portion of the western extremity of the 
Cypress Hills. They constitute the highest marine horizon seen in the 
Cretaceous of this region and on account of their stratigraphic posi- 
tion and lithologic features are comparable with the Fox Hills sand- 
stones of South Dakota. We collected from them a considerable 
number of marine invertebrates, including Z^^da ( ¥oldia)eva7isi^ Aincula 
n^rdncana^ Protocardia horealU^ Tancredia am^ricana^ CaUista nehraH- 
cenms^ and Scaphitea iiodosus var. quadranguLaris, Part of these 
species are known from the Fox ffiUs beds in other regions, and most 
of them occur also in the Pierre and Bearpaw shales. It has long 
been known that the faunas of the Fox Hills and Fort Pierre are too 
closely related to be considered really distinct. 

Toward the summit of the Cypress Hills, on the western end, are 
about 60 feet of soft, light-colored, yellow sandstones with a 6-foot 
vein of lignite near the base. These beds may belong to the Laramie 
as it has been mapped by McConnell, although we were unable to find 
any fossils in them by which to determine their age. 

The exposures examined by us in Canada are all in the southeastern 
portion of the large, continuous area of Bell}' River beds mapped by 
Dawson, McConnell, and Tyrrell. They include both the top and the 
bottom of the formation, as well as good exposures of the overlying 
and underlying beds, and hence give a fair idea of the formation as 
described by Dawson. The principal localities that have yielded the 
Belly River vertebrate fossils described by Lambe are on Red Deer 
River some distance north of the most northern point visited by us, 
but we have no doubt that they are on the same horizons that we 
studied. 
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WILLOW CREEK AREA, IN CENTRAL MONTANA. 

In addition to the above-described exposures of the Judith River beds 
in northern Montana and southern Canada, there are others in central 
Montana, first observed by Hatcher in 1888. One of these occurs 
between Musselshell River and Flatwillow Creek. Near Flatwillow 
post-oflice a conspicuous ledge of yellow sandstone forms an almost 
continuous and in places perpendicular wall, extending for miles up and 
down the south side of the creek. These sandstones weather into 
pyramid-like forms, dip gently to the southeast, and form the roadbed 
for about 2 miles along the old freight road from Fort Maginnis to 
Junction City, where they pass beneath the Claggett formation. In 
weathering, color, and lithologic character these sandstones resemble 
the brown phase of the Eagle formation as developed at the type 
locality at the mouth of Eagle Creek on Missouri River, about 20 
miles above the mouth of Judith River. Their stratigi*aphic position 
between the Benton and Claggett formations also favors this correla- 
tion. Some obscure fragments of Baculites were the only fossils 
yielded by them. 

After passing over these sandstones, which have an estimated total 
thickness of 200 feet, the Claggett formation is reached where the 
road crosses the first coulee, 2^ miles south of Flatwillow. The 
Claggett overlies the Eagle sandstones and dips gently to the south- 
east. The shales of this formation yielded Baculites sp., B, avatus^ 
I^ucent iceras sp. , Inoceramwi harahini^ Lueina occidentalism and Nucula. 
Both species of Baculites were very abundant. Other fossils were rare. 
About 10 miles from Flatwillow the road crosses a broad, deep coulee 
which occupies the trough of a wide synclinal fold, and in the bottom of 
which may be seen considerable exposures of the lower 100 feet of the 
Judith River beds resting upon the Claggett formation. From the 
Judith River beds at this point we collected remains of turtles and 
dinosaurs, and saw a number of more or less fragmentary bones and 
much petrified wood. 

For a mile or more the road crosses the trough of this syncline, and 
there are beautiful exposures of the Judith River beds on either side. 
It then once more traverses the shales of the Claggett formation for 
7 miles, or until Willow Creek is reached. From the higher points 
along the road the Eagle sandstones appear in prominent bluffs on the 
right at a distance of several miles. In this locality the Claggett 
formation can scarcely have a thickness of less than 500 feet. At 
Nolan and Archer's ranch, on Willow Creek about 10 miles north of 
Musselshell River, the Judith River beds again rest on the shales of 
the Claggett formation, and a series of exposures on the south side of 
the creek form a low, broken wall. The beds have a slight dip (2*^ or 
3^) southeastward, and consist of light-colored argillaceous sandstones 
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and sandy clays with occasional lenses and masses of hard brown 
or gmy sandstone. The sandstones are nearly all strongly cross- 
bedded. The rocks are weathered into typical badland forms and 
have a thickness of 75 to 100 feet in the principal bluffs and buttes. 
(See PI. XI, A.) There are some lower beds not so well exposed, as 
well as higher strata to the southeast that are usually covered, but it is 
probable that the total thickness of Judith River beds does not exceed 
200 feet. Vertebrate remains are common in almost eveiy exposure. 
Silicified wood is common also, and at one point about a mile east of 
the wagon road a local deposit of well-preserved plants was found, 
from which all the plants credited to Willow Creek and described by 
Dr. F. H. Knowlton in this paper were obtained. These plants were 
all collected in an area of 3 or 4 square yards, from a bed about 1 foot 
in thickness. About 2 feet below the plants in the same exposure the 
femur, tibia, and fibula of a large Trachodon were obtained. Half a 
mile east of this locality and on about the same horizon fresh-water 
Mollusca are common, including Ganiobasis sublasmSy Anod<mta pro- 
patoris^ Spheerium^ and three or four species of Unio. 

West of the wagon-road crossing of Willow Creek the strata imme- 
diately underlying the Judith River beds are scarcely at all exposed, 
but about 6 miles west of the road there are conspicuous bluffs of light 
brownish or yellowish sandstone, dipping 6° or 6*^ NE., that probably 
belongs to the Eagle formation. South of the creek is a line of cliffs 
several miles long that often show vertical exposures 75 feet in height. 
At the base of the cliffs there are small exposures of dark shales, like 
the Benton, near the top of which an imperfect specimen of Placenti- 
ceras was collected. The overlying sandstones are exposed to a 
thickness of about 100 feet, and after a covered interval of 50 feet 
these are succeeded by 15 feet of similar sandstone. In the lower 25 
feet these sandstones are strongly cross-bedded and weather into large, 
rounded masses. These are succeeded by 50 feet of more massive 
sandstone, overlain by 25 feet of thicker bedded sandstone. Fossils 
are rare except in occasional nodules, some of which yield numerous 
specimens. Near the base of the formation we collected Pecten^ Avi- 
cula linguiformia^ Niicula^ Lueina suhundata^ Clnidia^ NautUus 
dekayi (?), Scaphites related to S. hippocrepis^ and young individuals of 
a small, slender JBaculites that occurs in the Eagle formation on the 
Missouri. About 75 feet higher specimens of IrwceramiLs^ related to 
/. fragilis^ were obtained. 

About 2 miles east of the road, in a bend of the creek, is a good 
exposure showing the contact of the Judith River beds with the Clag- 
gett formation. In a distance of about 5 miles along the road from 
Willow Creek to Musselshell post-oflBce there is obtained a complete 
section from the base of the Judith River beds up through the Bear- 
paw shales into the overlying formations, which latter we did not study 
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in detail. All the beds dip gently to the southeast. The dip increases 
in the upper part of the section, being greater in the upper Bearpaw 
shales than in the Judith River beds, which are here clearly seen to pass 
beneath the Beaipaw shales. These shales, especially the upper por- 
tion, are rich in marine invertebrates, including the following species: 

Fos9Us obtained from BearjKiw shales near Musselshell post-office. 



Ostrea pellucida. 
Syneycloneina rigida. 
Pecten (Chlamys) nebrascensis. 
Avicula nebrascana. 
Avicula lingiiifomiis. 
Inoceranuis barabini. 
Nuciila Hubplana (?). 
Nucula planimarginata (?). 
Nucula cancellata (?) . 
Leda (Yoldia) evansi. 
Trigonarcra exigiia. 
Luciiia Hiibundata. 
Protocardia rara. 
Cuspidaria ventricosa. 



Liopistha (Cymella) undata. 
Thetis? circulariH. 
Anchura ainericana. 
Acma^ ocx;identalis. 
Vanikoro ambigua. 
Lunatia occidentalis (?) 
Haniinea eubi^ylindrica. 
Ciimlia conciuna. 
Baculites com])re88U8. 
Bac'ulik^H ovatus. 
Scaphit«? noilosus var. brevis. 
Plac^enticeras whitfieldi. 
Placentic^ras intercalare. 



Immediately above the Bearpaw shales is a very thick series of sand- 
stones with intercalated shales and occasional lignite beds, which we 
were unable to study in the limited time at our disposal, though we 
made a brief fruitless search for fossils in the lower portion. At the 
base the dip is 15° to 20'' to the south, and higher in the section it 
increases to 30^ or more, these tilted beds forming a belt about 2 miles 
in width and consequently several thousand feet thick. From a point 
about 2 miles north of Musselshell post-office southward to Mussel- 
shell Klver similar beds occur with very low dips, and we saw such 
exposures of the same formation for many miles along the Mussel- 
shell above the post-office. The only paleontologic evidence of the 
age of the formation overlying the Bearpaw shales in this region was 
found at two localities about 14 and 17 miles west of Musselshell post- 
office, where we obtained a few plants from a horizon probably high 
in the section. Doctor Knowlton has identified among them Taxo- 
dluin (K-eidcntalU Newberry, Populm spedma Waixl, Populus related 
to P, cuneatii Newberry, P/nfanu.^, Ulmm rhamnifoUa? Ward, Sapin- 
dm grandlfoUmf Ward, Cocculns haydtwanufi Ward. Concerning 
them he says: "These species are typically Fort Union and I do not 
hesitate to refer them to this horizon." 

The beds between this horizon and the top of the Bearpaw shales 
should, from their stratigniphic position, contain the equivalent of the 
Fox Hills and the Lammie as well as the Livingston formation, which 
was described by Weed in the Crazy Mountains, less than 100 miles to 
the west. 
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FISH CREEK AREA. 

There is a considerable exposure of the Judith River beds between 
Fish Creek and Mud Creek, small tributaries of Musselshell River 
near Melville, Mont., a few miles northeast of the Crazy Mountains. 
These exposures were first discovered by Mr. Earl Douglass and were 
described by him under the name of the Fish Creek beds, with the 
suggestion that they are the probable equivalents of the Belly River 
beds. Not being familiar with the Judith River beds, Mr. Douglass 
was unable to recognize the identity of the Fish Creek and Judith 
River outcrops. In their stratigraphic position as well as in their 
lithologic and faunal characters they are almost identical with the 
Judith River beds farther north and should be referred to that forma- 
tion. 

These beds are best exposed on Crawford's ranch between Fish and 
Mud creeks, where they occur in a typical badland region of limited 
extent. (See PI. XI, B.) Throughout most of this area the Judith 
River beds have a very gentle southerly dip. This is especially true on 
the slope looking toward Fish Creek, but at the divide between Fish 
and Mud creeks the beds are faulted, the fault running irregularly in 
an east-west direction. Immediately south of this fault the Judith 
River beds are nearly horizontal, while to the north they are much 
inclined, in places being nearly vertical or dipping southwesterly at 
angles varying from 30^ upward, so that they appear to be uncon- 
fonnable with and to pass beneath the Judith River beds to the south 
of the fault. The upper part of the disturbed series is clearly Judith 
River, and it is evident that the strata have been faulted and that the 
unconformity is only apparent. To the south and west of this badland 
area the Judith River beds are overlain by Bearpaw shales bearing 
the same fauna that has been listed from Willow Creek and other 
localities. These have an aggregate thickness of several hundred feet 
and occupy most of the region to the west between the two creeks. 
South and west of Fish Creek these shales are overlain by marine 
Cretaceous sandstones and by a thick series of beds that have been 
referred to the Laramie, Livingston, and Fort Union formations. The 
Judith River beds in this region are very similar to those on Willow 
Creek, Dog Creek, and the Missouri at and below the mouth of Judith 
River. They contain remains of Trachodoii^ CeratopH^ turtles^ and 
crocodiles of Judith River types in fair abimdance, much petrified 
wood, and beds of fresh-water Mollusca. The beds are usually light 
ash-colored sands and sandy shales with frequent bands of impure lig- 
nite and black ferruginous concretions. In a small draw or canyon 
running west by north from the badlands to Mud Creek (the draw in 
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which the Crawfords get their coal) the following section is exposed, 
commencing at the fault mentioned above and going down the draw: 

Section in small draw north of Mud Creek. 

Feet. 

4. Lower Judith River beds 200? 

3. Clag^tt beds (sandstones and shales with Inoceramus and Baculiles) 300? 

2. Eagle sandstones and shales, with thick bed of coal 100 feet from the base.. 400? 
1. Benton shales, base not exposed 300? 

The above thicknesses are mere guesses and can not be considered 
even as an estimate. No. 3 is probably much below the actual thickness. 

Tbe Claggett beds are here made up very largely of sandstones, 
though there are several beds of shales which are usually poorly 
exposed. 

The Eagle sandstones present the usual characters of that forma- 
tion, and the lignite is especially good. 

The passage from the Eagle to the Claggett formation and from the 
Claggett. to the eTudith River beds is so gradual that it is difficult to 
say where the one commences and the other ends. The Bearpaw 
shales are well differentiated from the underlying Judith River beds, 
and the line of demarcation between the Benton and the Eagle forma- 
tions is likewise very distinct. Northward down the draw toward 
Mud Creek the dip of the Benton gradually decreases and a few calca- 
reous and ferruginous nodular layers are seen here and there, always 
more or less fossiliferous with Scaphites veritricosus^ Baetilites asper{f), 
Inoceramtis umhonatus^ L exogyroides^ and Pholadoinya papyracea. 

The influence of the various horizons on the topography is marked. 
South and southwest of Widdecombe Creek, a branch of Fish Creek, 
the alternating sandstones and shales of the formations overlying 
the Bearpaw have produced a rugged topography characterized by 
a series of low sawtooth ridges of harder sandstones, separated by 
gentle valleys occupied by the intervening beds of shales and other 
soft material. Between this creek and the Crawford badlands there 
is an area of low rolling hills about 6 miles wide that is composed of 
weathered Beaipaw shales. Northward, in the area of the Judith 
River, Claggett, and Eagle beds, is another series of rugged ridges 
separated by narrow valleys. Still farther north is a low rolling coun- 
try which extends northward to and be^^ond Musselshell River and 
which is the result of the erosion and weathering of the Benton shales. 

Two miles west of the small dmw mentioned above, where Mud 
Creek has cut its way through the upturned beds of the Judith River, 
Claggett, and Eagle formations, a fairly good section is shown from 
the Bearpaw shales down through the above-mentioned formations 
into the Benton. Through most of this section the beds are inclined 
to the northwest at an angle of about 60^. 
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OTHER PROBABLE AREAS. 

Along Milk River the Judith River formation is known to extend 
far east of Havre, where we studied it. Its limits in that direction 
have not been determined. It is very probable that this area is con- 
nected with the Cow Creek area by almost continuous exposures 
across the divide separating the drainage of the Missouri from that of 
Milk River east of the Bearpaw Mountains. On our journey from 
Havre to Cow Creek we passed through the eastern foothills of these 
mountains and crossed several areas of igneous rocks, but on Bean 
Creek near Lloyd post-office we saw outcrops apparently belonging 
to the Judith River beds, and if our route had been a few miles farther 
east we could probably have had the formation in sight all the time. 

A few miles north of Billings, on the road from Roundup post-office 
on the Musselshell to Billings, Mont., we noticed outcrops that almost 
certainly l>elong to the Judith River formation. This area is along 
the line of a section described by Lindgren in volume 15 of the Tenth 
Census and was referred by him to the Laramie. 

About 60 miles farther east on the Yellowstone, near the mouth of 
Bighorn River, Hayden has described exposures that may also belong 
to the Judith River formation. 

There are certainly other areas of Judith River beds in the valley 
of Musselshell River north and west of the Fish Creek area which we 
have described. One of these is indicated by Lindgren's ^ description 
of the occurrence of marine Cretaceous above so-called Laramie beds 
near the mouth of Swimming Woman Creek. Another of these proba- 
ble areas is indicated by the reported occurrence of Judith River 
species of brackish- water MoUusca at a locality north of the Crazy 
Mountains, where the beds containing them were referred by Weed* 
to the Livingston formation. 

In this connection attention may be called to the occurrence of non- 
marine coal-bearing beds within the Montana group at Coalville, Utah, 
at Point of Rocks, Wyo., and at several points on the Laramie Plains, 
southern Wyoming.^ These beds are probably not very far from the 
horizon of the Judith River beds, but it is not believed that the facts 
would justify their reference to that formation. 

a Tenth Censtui U. 8., vol. 15, p. 743. 
t> Bull. U. S. Geol. Survey No. 106, p. 88. 

o See Stanton and Knowlton, Stratigraphy and paleontology of the Laramie and related formations 
in Wyoming: Bull. Geol. Soc. America, vol. 8, pp. 127-156. 
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Jl^SirMt?: AND CONCIiU8ION8. 

Our field studies in the original Judith River area have established 
the stratigraphic succession of the Upper Cretaceous section and show 
that the Judith River beds lie beneath several hundred feet of marine 
Cretaceous shales with a characteristic invertebrate fauna, and that 
they rest upon another marine formation which also bears an abundant 
fauna. The overlying formation we have called the Bearpaw shales, 
because it is well exposed in the area south, east, and north of the 
Bearpaw Mountains. The name Claggett formation has been given 
to the underlying beds because they are well developed around the 
site of old Fort Claggett, near the mouth of Judith River. Wherever 
the exposures in this region show lower beds the lignite and con- 
spicuous sandstone ledges of the Eagle formation are seen, and still 
lower the dark Benton shales with a characteristic fauna are revealed. 
The Judith River formation itself has yielded a fauna of both verte- 
brates and invertebrates, most of which are peculiar to it. Its litho- 
logic features also are different from those of any other formation in 
the section and make it easily recognizable. 

Be3'ond the typical area, we found on Milk River in the neighbor- 
hood of Havre a similar succession of formations from the Claggett to 
the Bearpaw, inclusive. The formation occupying the position of the 
Judith River beds here has the same lithologic and paleontologic char- 
acteristics as in the original area, with which it probably has direct 
connections around the east end of the Bearpaw Mountains. It is there- 
fore unhesitatingly identified with the Judith River beds. From Havre 
this formation was traced by means of practically continuous exposures 
and without essential change of lithologic and paleontologic characters 
into an area of Belly River beds mapped by Daiwson. Here again the 
underlying Claggett formation was recognized by its fossils and litho- 
logic features, and above the Judith River (Belly River) beds the Pierre 
shales of the Canadian geologists are clearly identical with the Bear- 
paw shales of our Montana section. 

In other areas studied by us in Montana the same succession of 
formations was observed. Two horizons in this region are especially 
well characterized by marine invertebmtes — one in the upper part of 
the Benton shales and the other in the Bearpaw shales. Wherever 
these were both present in one section the succession and recognition 
of the intervening formations were unmistakable. 

The stratigraphic relations are more clearly shown in the following 
diagrammatic arrangement of comparative sections: 
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The Montana and Colorado groups are generally recognized as 
larger subdivisions of the strata lying between the Dakota and the 
Laramie. The South Dakota and Nebraska section is the Meek and 
Hayden section with the Laramie added, while the other two columns 
represent the sections studied by us. The queriefe in the lower part 
of the columns indicate formations not seen by us in the regions men- 
tioned, and the queries in the upper part of the column indicate our 
doubts as to the correlation of any particular horizon in these sections 
with the Fox Hills, and as to the limits of the Laramie and its relation- 
ship with overlying formations that have been described in the region. 

A few words of explanation are necessary concerning the general 
correlations expressed and the introduction of new formation names. 
In the first place, the entire Upper Cretaceous section as described 
by Meek and Hayden along Missouri River in South Dakota and 
Nebraska is very much thinner than the Montana section, and in some 
portions the lithologic development is not at all similar. Consequently 
the comparison of individual formations or horizons is in several cases 
made difficult. 

Beginning the examination at the base of the section and leaving 
the Dakota out of consideration at present, the first difficulty is in 
connection with the Benton, especially as to its upper limits. In the 
upper Missouri section near Foil; Benton a continuous body of shales 
extends up to the base of the £agle sandstone, and so far as is now 
known there is no lithologic basis for a division in it. There are, 
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however, two well-marked f aunal zones — a lower one characterized by 
Inoceramus laiiattis, Scaphites warren% and the keeled anmionite 
genera PrionotropU and Pi^ioiwcychui^ and an upper zone with 
Inoceramits umbonatus^ Inoceramua exogyroides^ and Scaphites ventri- 
co&m. In the section farther east in South Dakota and Nebraska the 
shales referred to the Benton are limited above by the Niobrara lime- 
stone, and their fauna corresponds closely to that of the lower zone 
above mentioned. If it is assumed that the upper limit of the Benton 
shales in the two sections is identical, and that the sequence upward 
is continuous in both cases, then it must follow that the Eagle sand- 
stone is or includes the equivalent of the Niobrara limestone, and 
should be correlated with it, though, of course, distinctive formation 
names are necessary. But all the paleontologic evidence is opposed 
to their correlation. On the one hand, the fauna in the upper Benton 
zone of the western section has its nearest representative in Colorado 
and Texas in beds that are referable to the upper Niobram, and on 
the other hand the fauna of the Eagle formation is much more closely 
allied to the fauna of the overlying marine formations than to the 
Benton fauna, and consequently the formation belongs to the Montana 
rather than to the Colorado group. The objection may be raised that 
the Eagle is a littoral formation, and that its fauna would therefore 
be different from the Niobrara faunas, but there are littoral faunas 
known at the top of the Benton in Colorado, northern Utah, and south- 
western Wyoming, ^nd these arc .wholly different from the Eagle 
fauna. The most reasonable view seems to be that the Fort Benton 
of the western section includes the representatives of both the so-called 
Fort Benton and the Niobmi-a of the eastern section. 

The second serious difficulty in the Montana section is in determin- 
ing the exact equivalent of the Pierre shales. This formation was 
named from Fort Pierre on the Missouri, now Pierre, S. Dak., and 
was defined as dark claj^s, limited above by the Fox Hills sandstone 
and below by the Niobrara limestone, with exposures along the Mis- 
souri for some distance both above and below Fort Pierre. Meek and 
Hayden's estimate of the thickness was 700 feet, but more recent 
estimates by Darton in the same general region place it at 1,200 to 
2,000 feet. It contains a large and characteristic invertebrate fauna. 
In the Montana section the shales we have called Bearpaw shales arc 
very similar to the Pierre in lithologic character, and they bear a 
fauna composed in the main of identical species, showing an assemblage 
especially similar to that of the upper fossiliferous zone of the Pierre. 
The thickness possibly also approaches that of the Pierre in the 
typical area. 

That the Bearpaw shales represent a part of the Pierre is unques- 
tionable, but if they are strictly equivalent to the Pierre, so that they 
should be called by the same name, then in the South Dakota section 
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there is a long unrepresented interval between the Niobrara and the 
Pierre, for, as we have shown, there is considerable evidence that the 
£agle formation is later than the Niobram. The overlying Claggett 
and Judith River formations certainly come within the Montana group. 
It is true that Meek and Hayden observed some evidences of erosion 
at the top of the Niobrara, but it does not* seem probable that erosion 
or nondeposition could have continued throughout the time repre- 
sented by the three formations just named without showing greater 
effects than have been observed. It is well known that along the 
western margin of the Great Plains in Colomdo there is a great 
thickening of the Pierre, or at least of the formation in the corre- 
sponding position, so that in the Denver region it attains the thickness 
of 7,000 feet, while farther south, in the Arkansas Valley, its thick- 
ness is over 4,000 feet. Although in all this great thickness several 
zones have been more or less clearly recognized by minor differences 
in the fauna and in lithologic features, no basis for separation into 
distinct formations has been found. In the Montana section the shaly 
portion of the Claggett formation does not differ very greatly in 
lithologic character from the Bearpaw shales, and though the fossils 
are less numerous they are all of species that occur in the Bearpaw 
and the Pierre, while the sandstone members of the Claggett bear a 
littoral fauna that is closelv related to that of the Fox Hills and even 
contains many of the same species. It is very probable, therefore, 
that the Claggett would not have been separated from the Bearpaw as 
a distinct formation if the totally different Judith River beds had not 
been interpolated between them, for the intermingling of Fox Hills 
and Pierre species has long been known elsewhere. 

In view of the facts above stated it seemed expedient to give the 
local name Bearpaw shales to the formation immediately overlying 
the Judith River beds, rather than to regard it as the strict equivalent 
of the Pierre and to call it by that name, although we do not doubt 
that the one formation can be traced directly into the other and that 
some zones in both are identical. The Claggett formation is a strati- 
graphic unit, distinct and easily separable from the previously defined 
formations above and below it, and hence it required a new name. 

Returning to the correlation diagram (p. 63), we wish to leave the 
question open whether the Pierre fills all of the space corresponding 
to that occupied by the Bearpaw, Judith River, Claggett, and Eagle 
formations, although we are confident that all of these belong to the 
Montana group. The identification of the Fox Hills formation in the 
Montana section is left in doubt partly because we did no detail work 
on that part of the section, and more especially because we have 
fdVind that many of the Fox Hills species have a great vertical range, 
throughout which they may be expected to occur wherever suitable 
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conditions are found, so that paleontologic identification of the for- 
mation without the most careful stratigmphic work is extremely 
unreliable. The problem of the Laramie and associated later forma- 
tions in this region is a very complex one, to which we were able to 
devote very little time, and consequently we do not desire to express 
any definite opinions concerning it. 

Our principal conclusions from the season's work may be sum- 
marized as follows: 

1. The Judith River beds arc distinctly older than the Laramie, 
being separated from the latter by at least several hundred feet of 
marine shales identical in their faunal and lithologic features with the 
Pierre to which we have given the local name Bearpaw shales, from 
the Bearpaw Mountains about which they are well exposed. 

2. The Belly River beds of Canada are identical with the Judith 
River beds of Montana. The name Judith River beds, having pri- 
ority, should be the accepted name for this formation and the terms 
Belly River and Fish Creek beds should be dropped. 

3. The marine sandstones and shales immediately underlying the 
Judith River beds do not represent either the Benton, as some Cana- 
dian geologists have supposed, or the Fox Hills and upper Pierre, 
as most geologists of the United States who have examined them have 
believed, but they constitute a distinct horizon within the Montana 
group which we have called the Claggett formation, from old Fort 
Claggett at the mouth of Judith River, near which they are well 
developed. 

4. The Eagle formation, from its stratigraphic position and faunal 
relations, marks the base of the Montana group in this region. 

5. The Bearpaw shales, the Judith River beds, the Claggettand the 
Eagle formations all belong to the Montana group, and together prob- 
ably form the equivalent of the Pierre as that term is generally under- 
stood, though the possibility is recognized that in the typical area the 
Pierre ma}^ have more restricted limits. 

6. Faunas similar to that of the Fox Hills sandstone have a great 
vertical range and are likely to be found at any horizon within the 
Montana group where a littoral or shallow- water facies is developed. 
The use of the term Fox Hills as a formation or horizon name out- 
side of the original area in South Dakota is therefore of doubtful 
propriety, as experience has shown. 



VERTEBRATE FAUNA. 

By J. B. Hatcher. 

Leidy, Cope, Marsh, Osborn, and Lambc have been the chief con- 
tributors to our knowledge of the vertebrate fauna of the Judith River 
beds. A considerable number of genera and species pertaining to 
all five of the known classes of vertebrates have been described. 
Unfortunately these genera and species are for the most part based on 
exceedingly fragmentary and unsatisfactory material, and it has been 
quite impossible to determine with accui'acy even the principal oste- 
ological or dental characters of most of the genem or to compare them 
intelligently with related forms from older or more recent formations. 
As an aid to future students there is given here a list of the various gen- 
era and species of vertebrates that have been described by various 
authors, with a reference to the original description and a brief state- 
ment concerning the nature of the types upon which they were based. 

F^ISCES. 

Altogether six genera and eight species of fish have been described 
from deposits referred by us to the Judith River beds. These genera 
and species are known only from detached scales, teeth, and bones. 
They doubtless represent only a small fraction of the fish fauna of 
these beds. While they give an indication of the character of some of 
the fishes that inhabited the waters of this region in Judith River times, 
they are at present known from such insuflicient material as to ren- 
der them of little value for purposes of correlation, as is abundantly 
evidenced by the apparent similarity existing between the fish remains 
known from these beds and those from the Laramie. This similarity 
is so striking that some paleontologists have been led, largely from such 
evidence, to correlate the Judith River beds with the Laramie, disre- 
garding the more important evidence afforded by the dinosaurian 
fauna and the stratigraphy. 

LEPIDOTUS OCCIDEirTALIS Leidy. 
Lepidotxis occiderUalis Leidy, 1856, Proc. Acad. Nat. Sci. Philadelphia, 1856, p. 73. 

Leidy described the species as follows: 

A species proposed on five specimens of thick lozenge-shape<l scales, with the root 

prolonged in the direction of the long diameter. The enameled surface of the scales 

is smooth and shining. The largest one has its sides about 4 lines long, the smallest 

one about 2} lines long. 

67 
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LEFID0TU8 HATDEHI Leidy. 
Lep'uioUis luiydimi Leidy, 1856, Proc. Acad. Nat. Sci. Pliiladelphia, 1856, p. 73. 

The original description of the species was as follows: 

A species propose<l on a single si)e(.'imen of a thick oblong square scale, the long 
sides of which measure 5 lines and the short 8J lines. The root projects forward 
from one of the long sides, and the enameled surface of the scales is covered with 
parallel square lines. 

CESAT0DU8 EBUCIPEBU8 Cope. 
Ceratodiut erucifenut Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 259. 

This species was described by Cope as follows: 

A basal lamina separable from the dentigerous lamina. The latter supports ril)6 
which diverge from a single marginal rib which extends along one side. The mar- 
ginal rib is separated by a deep gnx)ve from the radiating ribs, which is continuous 
with the grooves between the latter. The ribs are of irregular diameter and not 
perfectly straight; they are interruj)ted by weak transverse ridges, which project 
beyond the margin. The ridges rise abruptly from their common base and are sep- 
arated distally by notches of the margin. 

Measurements. 

31. 

Ix)ng diameter of dental surface 0. Oil 

Short diameter of dental surface 007 

Thickness of plate 003 

There are six ridges in the length. 

CESATODUS HIEB0OL7PHU8 Cope. 
Ceratodus hieroglyphtui Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 260. 

This species was described by Cope as follows: 

The dentigerous plate is thin and dense, and has the appearance of a short- 
toothed comb with a handle. The tooth-like points are the extremities of low 
ridges, which are arranged nearly at right angles to a wide longitudinal elevated half 
of the osseous ba4*e. They are separated by shallow grooves from each other, and 
are not continuous with the basis just mentioned, which ris€^ abruptly above them. 
They are smooth. The "handle" alx)ve alludeil to is triangular in section, having 
two bevels on the side supporting the tooth ridges. The lower face of the bone is 

smooth. 

Measurements. 

M. 

Total length 0. 013 

Length of dentigerous portion 010 

Total width 0045 

Width of dentigerous portion . 0020 

There are thirteen teeth in the length. 

M7LEDAPHU8 BIFABTITTJ8 Cope. 
Myleflaphus h!partUiu Cope, 1876, PrcH\ Ac^d. Nat. Sci. Philadelphia, 1876, p. 260. 

This species is founded on detached and isolated teeth. Teeth of 
this pattern and of varying size are abundant both in the Judith 
Jiiver beds and in the Laramie. It would be quite impossible to iden- 
tJ/y cither genera or species from teet\i oi laxxciYi raxTpV^ ioxtCL, 
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HEDB0NCHU8 STESKBEBOII Cope. 

ITedronchus sternl)ergH Cope, 1H7(>, Proo. Acad. Nat. Sci. Philadelphia, 1876, p. 259. 

Cope described this species as follows: 

Char. Gen, — The lx)ne on which this genus reposes has the appearance of the crown 
of a young tooth. Its central cavity is large and expands to the margin ui the basin; 
its apex is unworn. It appears to be too protul)erant for the iK>sition of a dermal 
tubercle. It may 1^ distinguished as a short crown on a shorter slightly constricted 
|)ortion or necrk. The crown culminates in three crests, which together form a letter 
T, and which descends toward the neck. There is no investment of cement or 
enamel, and the matt^rial of which it is composed resembles dense l)one. 

Char. Specif. — The faces on each side of the stem of the T are concjive and divide<l 
by an oblique crest, which descends from the common aytex. The other face is 
gently convex, and the inferior part of each of its bounding crests projects ear-like. 
The l^ase is an oval. 

Measurements. 

M. 

Elevation of crown 0. 0()6 

Diameter of ba«e|'""KitH*l'"»' • <^ 

Itransverse 004 

ACIPEN8EB ALBEBTEN8I8 Lambe. 
Acipenser allfertensis Lambe, UK)2, C/Ont. Canadian Paheont, vol. .'i, pt. 2, p. 29. 

This species is founded on a detached keeled dermal shield from the 
Judith River beds of Red Deer River, Canada. Similar ossifications 
are common in the Judith River beds and in the Laramie of Converse 
County, Wyo., and probabl}' represent more than one species. 

DIPHT0DU8 L0NOIB08TBI8 Lambe. 

Diphyodus lonffirostria I^ml>e, 1902, Cont. Canadian PahiHjnt, vol. 3, pt. 2, p. .30. 

This species is founded on a jaw fragment from the Judith River 
beds of Canada, with numerous tooth strars tvhich show the teeth to 
have been simple and conical and ankylosed with the jaw. Fragments 
of similar jaws are common both in the Judith River beds of Montana 
and in the Laramie deposits of Converse County, Wyo. 

ATVIPHIBIA. 

Two genera and five species of tailed Batrachia have been described 
from the Judith River beds. All of these have been founded on very 
fragmentary and insufficient material, consisting for the most part of 
detached vertebrae, with an occasional limb bone or jaw fragment. 
Similar remains, for the most part undescribed, are common also in 
the Laramie. 

All five of the species of Batrachia mentioned were described bj^ 
Cope from material secured in the Judith River beds of Montana. 
Lambe " has reported Scaphet'peton tectum Cope from the same beds on 

a Cont. Canadian Palseont., vol. 3, pt. 2, p. 81. 
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Red Deer River in Canada. From the fragmentary nature of the 
types on which were based Cope's descriptions of the various genera 
and species, it will readily appear how extremely diflficult it will be to 
refer any material with certainty to any of his species. Moreover, the 
fragmentary nature of all the remains of Batrachia thus far recovered 
from this formation renders them of little value for purposes of cor- 
relation, and were these remains better preserved it is improbable that 
thev would afford any vcrv reliable evidence as to the exact or relative 
age of the deposits, owing to the apparently' slight modification which 
has taken place in those Batrachia throughout Cretaceous and Tertiary 
times. The Batracia of the fludith River beds can not be regarded as 
of any special value in determining the age of the deposits or in cor- 
relating them with other formations. 

8CAFHEBFET0N Cope. 
Scapherpeton Cope, 1876, PrcH\ Acad. Nat. Si*i. Philadelphia, 1876, p. 353. 

This genus was described by Cope as follows: 

Vertebrae deeply biconcave, with opi)08ed, but not continuous, foramina for the 
chorda florsal is. Neural arch with zygap<:)physes, and well-develoj>e<l neural spine. 
Centrum with vertically compreHsed, short diaiwjphysis near the jwsterior extremity, 
a prominent hypapophysial keel, and prolonged neural spine. Supposed proxhnal 
limb bone with a branch-like trochanter. SupiM>sed teeth in several rows, attached 
in shallow alveoli, those of the marginal series larger; the crowns obtusely conic and 
simple. 

8CAFHEBFET0N TEGTTTM Cope. 

Scapfi^rpetou tectum C<)pe, 187(>, Proc. Acad. Nat. 8ci. Philadelphia, 1876, p. 355. 

This species is founded on a single vertebm accompanied by a frag- 
ment which, according to Cope, "resembles the articular portion of 
the mandible.'' 

SCAFHEBFETON LATICOLLE Cope. 

Scapfierpeion laticolle Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 356. 

This species was founded on an atlas and several dorsal vertebrje of 
different individuals, which latter, according to the author of the 
species, may pertain to the preceding species. An imperfect limb bone 
was found associated with the neural arch of a vertebi'a of the character 
ascribed to this species, and was described b}^ Cope in connection with 
the type. 

SCAFHEBPETON EXCISUK Cope. 

Srapherpeton excimm Cope, 1876, Proc. Acad. Nat. 8cu. Philadelphia, 1876, p. 357. 

This species was founded on scattered vertebne from three indi- 
viduals of different sizes. 

SCAFHEBFETON FAVOSUM Cope. 

ScapherpeUm favomm Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 357. 
This species is founded on a single vertebra. 
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HEMITRTFUS JORDAKIAKITS Cope. 

Hemitrypm jordanianm Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 358. 

This genus and species were founded on a single vertebm from the 
Judith River beds. This genus is distinguished from the preceding 
genus by the position of the foramen chordse doi-salis. 

The Reptilia are far better represented in the Judith River beds 
than the other classes of Vertebrata. Not only are most of the larger 
subdivisions of the group represented, but the fauna is rich also in 
genera and species which in Judith River times were evidently under- 
going a rather rapid development and acquiring a considerable degree of 
specialization. Genera and species such as these, which may be termed 
progressive types, afford the most reliable paleontological evidences 
upon which to Imse accurate correlations. The more specialized Rep- 
tilia offer more trustworthy evidence as to the age of these beds than 
any other group of vertebrates. Furthermore, from the abundance 
and condition of the remains the reptilian fauna of this formation and 
of other formations can be more carefully compared than is practicable 
with other classes of vertebrates. 

PLESIOSAURIA. 

While the Judith River beds are for the most part of fresh- and 
brackish-water origin, it is evident that at certain periods during their 
deposition the sea had access to limited areas of the region over which 
these beds are distributed. At certain localities like that mentioned 
on page 42, remains of typically marine invertebrates and vertebrates 
occur well within the limits of the Judith River beds. From such 
marine deposits we obtained shark's teeth pertaining to a number of 
distinct species, and remains of plesiosaurs and chelonians, some of 
which latter appear also to belong to marine species. 

CIM0LIA8ATTRUS MAGNUS Leidy. 

Cimoliasaurus magnus I>eidy, 1853, Proc. Acad. Nat. Sci. Philadelphia, 1853, p. 325. 

SmithHonian Contrb. to Knowl., vol. 14, p. 25. 

Lambe^ has reported vertebrse pertaining to this genus and species 
from the Judith River beds of the Red Deer River, Canada. The 
original description of this genus and species was based on vertebraB 
from the Greensands of New Jersey, for the most part of much larger 
size than those described by Lambe, and it is not improbable that the 
material described by the latter may pertain to a distinct genus and 
species. In some respects they more nearly resemble the vertebrae 
on which Leidy based his description of hchyrotherium antiquum.^ 

aCont. Can. Pal., vol. 3, pt. 2, 1902. p. 32. h Proc. Acad. Nat. Sci. Philadelphia, 1856, p. 89. 
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TTB0NAITE8 CETIF0BMI8 Cope. 
Uronait^s cetiformis Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 346. 

Founded on ^'cervical, dorsal, and caudal vertebrae, portions of 
limb, and rib bones" found near the top of the Claggett or base of the 
Judith River beds near Arinell's (Amell's) Creek, a small tributary of 
Missouri River in northern Montana, at about the eastern limits of 
the Judith River basin as defined b}*^ Hayden. 

ISCHTBOTHEBnrK of. ANTIQTnJM Leidy. 
Ischyrotherium cL antiquum Leidy y 1857, Proc. Acad. Nat. Sci. Philadelphia, 1856, p. 89. 

We collected a number of vertebral centra from the marine horizon 
mentioned on page 42 as occurring within the usually recognized limits 
of the Judith River beds, which closely resemble those described and 
figured by Leidy" as the type of the present genus and species and 
which were obtained between Moreau and Grand rivers in South 
Dakota. Although Leidy states in his description that they were 
obtained "from an outl3'er of the Great Lignite Tertiary formation" 
of that region, it is more than likely that the exact horizon was more 
nearly that of the Fox Hills or Pierre. However this may be, the 
vertebrae collected by us doubtless are from beds older than those 
which yielded the type of the genus and species. Whether the verte- 
brffi in question pertain to Ischyrothe7'imn^ to one of the two previousl}'^ 
mentioned genem of plesiosaurs, or to a distinct genus can be deter- 
mined only by careful comparisons with the types, and the material is 
so incomplete that even then a fairl}^ conservative paleontologist could 
not feel sure of his determination. 

The plesiosaurs, like the fishes and the batrachians in the Judith 
River beds, afford ver}^ scanty and unsatisfactory evidence as to the 
age and proper correlation of the deposits. 

CHELONIA. 

Remains of chelonians are common in the Judith River beds. 
Altogether eight genera and fourteen species have been described 
from these deposits; most of these, unfortunately, are known from 
very fragmentary^ material, consisting for the most part of fragments 
of the carapace or plastron. In only a few instances is anything 
known of either the skull or the endo-skeleton. 

TBIONTX FOVEATUS Leidy. 
Trionyx fovecUtis Leidy, 1857, Proc. Acad. Nat. Sci. Philadelphia, 1856, p. 73. 

The type of this species was collected by Doctor Haj^den in the 
Judith River beds. The nature of the material upon which Leidy's 

« Trans. Am. Philos. Soc., vol. U, p. 150. 
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description of the species was based can be best appreciated by quot- 
ing his original description, whi(;h is as follows: 

The epecies is founded on fragments of several costal and sternal plates. The 
exterior surface of the costal plates is covered with pits, excepting close to the mar- 
gins; and the pits are small and round at the vertebral extremity, and gradually 
increase in sizi* outwardly and become antero- posteriorly oblong, oval, and reniform. 
A vertebral fragment of a third or fourth costal plate, a little over an inch in length, 
iH 11 lines wide and 2 lines thick. Small fragments of the sternal plates present an 
exterior surface covere<l with broken vermicular ridgen and tubercles separated by 
wide intervals. Fragmentf< of a hyposternal plate are 3 lines in thickness. 

In a later paper'* Doctor Leidy figures the tj^pe material and asso- 
ciates with it remains of another specimen collected by Hayden in the 
"Great Lignite Tertiary [probably Lai-amie] basin, near Long Lake, 
below Fort Clark," on Missouri River. He says of these remains 
that they are " not distinguishable from Tinonyx foveatun^^ but adds 
that " the specimens are too imperfect positively to determine whether 
they actually belong to the same species." Considering the difference 
in the age of the deposits, it is quite probable that had better material 
been at the disposal of Doctor Leidy he would have found them to be 
at least specifically distinct. 

Lambe* has described and figured much better material which he 
refers to this genus and species. His material was secured from the 
Judith River l)eds on the Red Deer River in Canada. 

TBIOKYX VAOAKS Cope. 

Trionyx vagnns Cope, 1874, Ann. Kept. U. S. Geol. and Geog. Surv. Terr, for 1873, 
p. 458. 

The original description of this species was as follows: 

Represente<l by a number of costal bones and perhaps of stemals also. The former 
are rather light or thin for their width, and are marked with a honeycomb pattern 
of sculpture, in which the ridges are thin and much narrower than the intervening 
pits. They incline to longitudinal confluence at and near the lateral sutures. 
Several area; are not infrequently confluent in a transverse direction near the middle 
of the bone. 

MeamreTnenLs. 

M. 

Width of costal bone 0. 0370 

Thickness of costal l)one 0046 

Four and five area* in 0.010 m. 

This species differs from the T. fotratus Leidy in the much narrower interareolar 
ridges and larger arefe, and in their longitudinal confluence at the margins, characters 
exhibited by numerous specimens. 

Lignite Cretaceous of Colorado; near the mouth of the Bighorn River, Montana; 
Long Lake, Nebraska; found at the last two localities by Doctor Hayden. 



a Trans. Am. Philos. Soc., vol. 11, 1860, p. 148, PI. XI. 
bCont. Canadian Palaeont., vol. 8, pt. 2, 1902, p. 33, PI. I. 
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Lambe'* has described and figured from the Judith River beds of 
the Red Deer River in Canada remains of a turtle which he refers to 
this species. By reference to his figures, however, it will be appar- 
ent to all that the specimen described by Lambe pertains to a species 
distinct from T. vagaiis. According to Lambe's figures the ridges on 
the surface sculpturing, instead of being "thin and much narrower 
than the intervening pits," as described by Cope, are heavy and 
broader than the intervening pits. There are other differences also 
of no less importance. It seems clear, therefore, that so far as our 
present knowledge goes the distribution of this species is limited to 
the Laramie, and that it should not be considered as a Judith River 
form. 

FLASTOHEKITS C0ALE8CEN8 Cope. 
PkutOTnenun coaUscem Cope, 1875, Rept. U. S. Geol. Surv. Terr., vol. 2, p. 93, PI. VIII. 

This species is founded on fragments of plastron and carapace col- 
lected by George M. Dawson near Milk River, in Canada, from beds 
referred by Cope to the ''Transition series, probably the Fort Union 
or Lignite epoch," but now known to belong to the Judith River 
series. The type material is extremely fragmentary and it would be 
difficult to identify other material by a comparison with Cope's descrip- 
tion, his figures, or the type. 

FLASTOHEHTTS COSTATTTS Cope. 
Plastomenus cofttatus Cope, 1875, Kept. U. 8. Geol. 8ur>'. Terr., vol. 2, p. 94, PI. VIII. 

Founded on fragments of carapac^e and plastron collected by Doctor 
Dawson in the same region and from the horizon from which he 
secured the type of the preceding species. The observations made 
concerning the preceding species apply also to this. While we do 
not doubt that the remains upon which these two species have been 
founded are specifically distinct, yet from their exceedingly frag- 
mentary nature they are of little value in determining other material. 
It would scarcely be possible to definitely refer any material with 
certainty to either species, so imperfect are the t^^pes. 

FLASTOHEimS FUNCTTTLATUS Cope. 

Plastomenus punctulatus Cope, 1874, Ann. Rept. U. S. Geol. and Geog. Sur\'. Terr, 
for 1873, p. 453; 1875, Rept. U. S. Geol. Surv. Terr., vol. 2, p. 94, PI. VI. 

This species was '* established on a costal bone found in association 
with the preceding specie.s and referi'ed to the genus PkuitomeniM pro- 
visionally, and with a possibility that it will be found not to pertain 
to it when fully known." Cope reports it also from the Lignite Cre- 
taceous of Colorado and from Long Lake, Nebiuska. The type of 
the present species is even more fragmentary than the types of the 
last two species. 

aCont. Canadian Palaeont., vol. 3, pt. 2, 1902, p. 86, PI. I. 
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FLA8T0HENU8 IN8IOHI8 Cope. 

PInMommm insifjnis Cope, 1874, Ann. Kept. U. S. (teol. and GcKjg. Surv. Terr, for 
1873, p. 454; 1875, Kept. V. S. (Jeol. Rurv. Terr., vol. 2, p. 95, PI. VI. 

This species is founded on "a portion of the right hyposternal bone 
of a tortoise al)out the size of the last species and from the same 
localitj\''' A reference to the figure of the type published b}' Cope 
will serve to further empbisize the extremely fragmentary nature of 
the material upon which he l)ased his description and the absolute 
hopelessness of referring wMth any degree of certainty other and 
better preserved material to this species. 

Cope is not at all clear as to the locality or horizon from which the 
types of the last two species were derived. In describing J\ punctu- 
U/tiifi he says the tyj^ was found in association with the preceding 
species {P. cf^^tatm). The only locality given by him for the latter 
species is south of Woody Mount, near latitude 49', British America. 
Then, in describing P. Innlgnls^ he says that the type was found in 
the same lo(;alitv as the last species {P. pnnctulatm)^ the inference 
being, therefore, that it also was found near Woody Mount. At the 
close of his description of P, jmnctulatns he adds "Lignite Cretaceous 
of Colomdo ; also several fragments from Long Lake, Nebraska, 
from Doctor Ilavden," while after the description of J\ Innlgnls he 
says, "Lignite Cretaceous of Colorado" — in neither instance making 
any reference to the Canadian locality. Now the localities given in the 
botl}' of his descriptions of both these two species and those appended 
at the close are not only widel}" separati^d geographically, but the beds 
referred to are now known also to occupy ver}'^ different stratigraphic 
positions. It would seem best to relegate both these species to the 
paleontologic scrap basket, since they are valueless from lx)th a bio- 
logic and a stratigraphic standpoint. 

AD0CTT8 LINE0LATU8 Cope. 

Adocus lineoldiiis Coxi^y 1874, Bull. U. iS. Geol. and Geog. Surv. Terr., vol. 1, No. 2, 
p. 30; 1875, Kept. U. S. Geol. Surv. Terr., vol. 2, p. 92, PI. VI. 

According to Cope, this species was "established on a number of 
fragments from different exposures of the lignite l>eds primarily on a 
vertebral and sternal bone." The locality is given as "from lignite 
of Colorado, and mouth of Bighorn River, Montana," at neither of 
which localities are there any^nown exposures of the Judith Rivei 
beds. The types were almost surely secured from the Laramie. 

Lambe" has reported this species from the Judith River beds of 
Canada, and Cope* has included it in a list of vertebrates from the 
Judith River beds of Montana. Since in his several descriptions of 
material referred to this species Cope has nowhere mentioned any of 

aCont. Canadian Palaiont., vol. 8, pt. 2, 1902, p. 38. 

bBull. U. 8. Geol. and Qeog. Surv. Terr., vol. 3, 1877, p. 578. 
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it 2is having been derived from the Judith River beds, it is more than 
probable that its appearance in Cope's list of Judith River vertebrates 
is due to an oversight. Considering the difference in age between the 
Judith River beds and the deposits which yielded the types of the 
species, together witli the extremely fragmentary nature of the latter, 
as will readily appear from an examination of Cope's figures, it would 
seem quite probable that Lanibe's identification of the "two )vell pre- 
served fragments'"* from the Judith River beds of Canada, as pertain- 
ing to this species, may be incorrect, notwithstanding his remark that 
''this species is readily recognized by its neat and characteristic sculp- 
ture." 

BASILEMTS OOMHIS (Cope). 

Compsemyn ogmim Ck)pe, 1875, Rept, U. S. Geol. Surv. Terr., vol.2, p. 91. 
Compsemys rariolosiiH Cope, 187G, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 257. 

This genus and species is based on fairly good material discovered 
b}' the Canadian Boundary Survev nejir Milk River, Canada, and sup- 
plemented by other material di.scovered by Mr. Charles H. Sternberg 
in the Judith River beds of Montana. Cope's original description 
was as follows: 

Compseinys o(/miu8 Cope. Reprenented in the collections of the British- American 
Boundary Commission by portions of the t^rapace and plastron. These are massive, 
and indicate a species of large size. As in other species of the genus, the external 
surface is a dense layer of cement or allied substance, which is sculptured with 
shallow pits. 

A portion of the costal bone is concave and increases rapidly in thickness in one 
direction. The suture is coarse, but neitluT gomphosial nor squamosal. A portion 
of the plastron is thinner, not curved, and displays a very coarse median suture, in 
part squamosal in character. The sculpture consists of shallow pits not wider than 
the low, smooth ridges which separate them. There are deep superficial grooves 
marking the boundaries of dermal areas, a feature in which this tortoise differs much 
from the P, coalescens and resembles the species of Compsemys, Should mai^inal 
bones be found to exist in the P. ogmius, its reference to that genus will be further 
established. 

From 6 miles west of first branch of Milk River, near latitude 49°. 

The material discovered in Montana was referred to a distinct spe- 
cies, Cmn-psemya ifarlolosv^^ and described as follows :** 

One of the most abundant and the largest species of the Fort Union beds. The 
carapace is convex and the plastron flat; the marginal Iwnes are heavy and strongly 
convex on the inferior side. The margin of the plastron is thickened and heavy — 
characters which also l)elong to all parts of the («,rapace. The sutures of the dermal 
scuta are deeply impressed, and the surface of the bone is strongly sculptured above 
and below and even on the superior face of the thickene<l margins of the free lobes 
of the plastron. The sculpture consij<ts of round fossae, which are deeply impressed 
and are arranged quincuncially, so that their l)orders never form straight lines. The 
latter are also more or less angulate on the edge, so that the surface has a more than 
usually rugose character. 

The typical specimen equals those of the large land tortoises of the £/>cene in 
dimensions. 



aProc. Acad. Nat. Sci. Philadelphia, 1876, p. 257. 
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Lambe** has described and figured material pertaining to this species 
from the Judith River beds of Canada. He has also reported it from 
the Willow Creek division of the Canadian Laramie. It is not improb- 
able that the latter reference is incorrect. Ijambe has placed this 
species in the genus Adociis^ but Hay'' has made it the tyiK* of a new 
genus, BasUemya, Both these authors have accepted the specific name 
variolosus Cope, making ogrnius Cope a synonym of varioUmiH^ although 
ogmius was described a year before variolosus. We collected remains 
of this species at several localities. 

BA8ILEMT8 nCBBICABIUS (Cope). 
ComjTsemys imbrimrius CJope, 1876, Prcx-. Acad. Nat. Sci. Philadelphia, 1876, p! 257. 

This species is based on material from the Judith River beds of 
Montana. The original description was as follows: 

This epecies like the othere of the genus, has the scutal sutures well define<l, and 
the superficial surface of the carapace sculptured. The character of this sculpture 
distin^ishes the species, and in the present instance in a spi^cial manner. It consists 
in the C imbricariwtf of excavations bounded on the sides by a short ridge each, 
which alternate with each other. Thus each bounding ridge terniinateti'abruptly at 
the fundus of one of the fosste, while the other end of the fossa rises and contracts to 
another ridge. The result is pretiisely that seen in the interior sculpture of Saracenic 
domes or niches, and is one which is quite unique among tortoises. The direction 
of the ridges is at right angles to the costal dermal sutures. This species was about 
as large as the snapping tortoise ( Chelydra serpentina). 

Measurements. 

Thickness of a costal bone 0. 0050 

Three f««t> measure {'«°R*»»*^ °^ 

t crosswise 0050 

FOLTTHOSAX MI8SUBIEN8I8 Cope. 
Pohfthorax mis:<uriemis Cope, 1876, Proc. Ac^ad. Nat. Sci. Philadelphia, 1876, p. 258. 

This genus and species was described by Cope from the Judith River 
beds of Montana. Frora his description, which is quoted below, it 
would appear to have been founded on ample material. 

CJiar. Gen. — Plastron with contracted fixed lobes and wide bridge; carapace with 
well-developed marginal bones; mandibular ramus narrow; alveolar face with acute 
external margin ; the symphysis neither produced nor recurved. Dermal scuta every- 
where distinct, those of the plastron the usual ones, with the addition of the two 
marginal intei^lars, and two lai^ interhumerals. The latter s(*uta are separated 
from the humerals by sutures running parallel with the humeral margin of the ante- 
rior lobe between the gular and pectoral scuta. 

In the possession of interhumeral scuta, Polythorax differs from any known genus 
of Testudinata. The general structure is much like that of Adocus and Baena, with 
nearer resemblance to the latter in its double intergular scuta. It is impossible to 
ascertain whether there are interstemal bones, as the plastron is ossified throughout. 



a Ottawa Naturalist, vol. 15, p. 63, PR III-VI, and Cont Canadiaii Palaont., vol. S, pt 2, 1902, 
p. 89, PI. II. 
bBuU. U. 8. Qeol. Survey No. 179, 1902, p. 445. 
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The presence or absenceof intermarginal scuta can not yet be determined, although it 
is clear, that if existing, their position is quite external. 

This genus is interesting as connectinsr in its stratigraphical position allied types of 
Cretaceous No. 5 {Adoctia), with those of the Wahsatch and Bridger Eocenes {Baena). 

Char. Specif. — Carapace with openly dentate posterior border. The surface is irreg- 
ularly swollen, especially on the median line near the margins of the vertebral scuta. 
The vertebral scuta are wide, the costals short, and the marginals narrow. The ante- 
rior lobe of the plastron is a little shorter and more contracted than the posterior; 
its base is narrower than the antero-posterior extent of the bridge. Its extremity is 
rounded, while that of the posterior lobe is truncate with rounded angles. The gular 
and intergular scuta are each wider than long, while the interhumerals are muchlonger 
than wide. The humerals are narrow, while the pectorals are wide from the anterior 
position of the pectero-huraeral suture. Each anal scutum is longer than wide. 

The surface of the plastron is obsoletely but coarsely rugose; the roughness greatest 
anteriorly, where it consists of short raised lines irregularly disposed. 

Measurements. 

M. 

Length of plastron 0. 183 

Length of anterior lobe 049 

Length of bridge 076 

Width of bridge 076 

Width of extremity of posterior lobe 035 

Thickness of inguinal region 010 

From our present knowledge concerning the stratigraphic position 
of the Judith River beds it is evident that Cope was in error in sup- 
posing that this genus was intermediate between certain forms (Adoeii^) 
from the Fox Hills (Cretaceous, No. 5) and others pextaining to the 
genus Baena, from the Wasatch and Bridger Eocenes. 

BAfiNA AKTiaUA Lambe. 

Baena aiUiqua Lambe, Cont. Canadian Palieont., vol. 3, pt. 2, 1902, p. 44. 

This species is founded on portions of carapace and plastron, prob- 
ably pertaining to a single individual, from the Judith River beds of 
the Red Deer River, Canada. Lambe's description of the species is as 
follows: 

What is preser\'ed of the carapace lain an excellent state of preservation. Five 
neurals in^ll are represented, with five pair^of costaler. The sutures are sinuous and 
fine, but can be traced with ease. The sulci am very distinct. 

The neurals are rather irregular in shape and of nearly equal size. The costals 
partake of the#same irregularity of outline. The-outersurfaoe is almost smooth, the 
only unevenness being due to a few striations and depressed, roughened markings 
erratically disposed. Striations also occur- at right angles to the sutures, forming an 
obscure border sculpture. The vertebral shields are broader than long, more espe- 
cially the first one. The rib heads are well developed. There is a strong and abrupt 
thickening in the axillary region, but elsewhere the shell is thin. The anterior 
border is evenly rounded. 

The front end of the plastron is rather broad in proportion to the length of its 
component part**, of which the epiplastrals, the entoplastral, and small portions of the 
hypoplastrals are preserved. The entoplastral, seen from below, is diamond shaped, 
a little broader than long, and placed far forward on account of the shortness of the 



HATCHER] VERTEBRATE FAUNA. 79 

suture between the epiplastrals in front. Seen from above, or within, the entoplas- 
tral is much longer than broad, it« breadth being reduced and its posterior half being 
prolonged backward. Similar extennions of the posterior border also occur in the 
upper surface of the epiplastrals. Sulci, as indicated in the figure, define the bounda- 
ries of the gular and intergular shields. 

BAfiKA HATCHEBI Hay. 

Bcumii hatcheri Hay, Annals Carnegie Museum, vol. 1, p. 325. 

The ty|)e of the present species was described by Hay from the 
I^ramie deposits of Converse County, Wyo. It has been reported 
by Lambe^' from the Judith River beds of Canada. Considering the 
difference in size, the variation shown in the different elements of the 
plastron as figured and described b}' Lambe, and the difference in 
stmtigraphic position, there can be little doubt that Lambe was in 
error in referring his material to the present species, which may there- 
fore be very properly excluded from the known species of the Judith 
River fauna. The material referred by Lambe to B. hatcheri should 
either be included in B. antiqna or made the type of a new species. 

HEinEtAKKTLUS EXIVITTS Lambe. 
Xeurankyhui eximius Lambe, Cont. C-anadian Palteont., vol. 3, pt. 2, 1902, p. 42. 

This genus and species is based on portions of the posterior half of 
a carapace from the Judith River beds of Montana. According to 
Lambe, 'Hhe great development of the last neural by apparent coales- 
cence with a suprapygal, the resulting compression of the pygal region, 
and the addition of a ninth pair of bones to the series of costals form 
a combination of characters that is both interesting and unique." The 
genus is considered by its author to show '^greater affinity to the 
Chelydrida? than to any other group." 

In addition to the forms mentioned above, Osborn* has mentioned 
Co))ipH(inyti vIctuH Leidy and C. ohHairiis Leid}' as occurring in the Cre- 
taceous of Montana, which might be taken as evidence that they also are 
Judith River forms. In no descriptions of either of these species can 
I find any suggestion that remains of either have been described from 
Montana. The types of both were from the Cretaceous near Long 
Lake, on Missouri River below Fort Clarke. 

From the above remarks concerning the turtles of the Judith River 
beds it will be seen that while several of the included species have 
l>een founded on ver}^ fragmentary material, a few of them have l)een 
based on fairly complete specimens of either the carapace or plastron, 
or both. While some of the genera mentioned, like Baena and Adocm^ 
are of such persistent types that they may be considered, at present at 
least, as of comparatively little value for purposes of correlation, never- 
theless when the chelonian fauna of these beds is known from more 



a Cont. Canadian Paleeont., Tol. 8, pt. 2, 1902, p. 43. 
Mbid..p. 12. 
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complete material and is thoroughly studied it will doubtless prove to 
be quite different from that of the Laramie. 

RHYNCOCEPHALIA. 

CIIAMP80SATTBU8 Cope. 

Champfiosaurns Cope, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 348. 

This genus was described by Cope from material consisting for the 
most part of detached and scattered vertebrre 'from the Judith River 
and Claggett beds of Montana. Vertebra? pertaining to representa- 
tives of the genus are common almost everywhere in the Judith River 
beds. They are perhaps the most abundant of the vertebrates of these 
beds. The vertebrae are easily recognized, though, as a rule, only the 
centra are preserved. These are biconcave or amphiplatyan, slightly 
keeled below and flat above, with a broad rib facet situated on the 
upper border and at about the middle of the centrum. Cope has dis- 
tinguished four species of ChainpHOHuurm from remains found in 
these beds. 

CHAMPSOSAimUS FROFlTirDUS Cope. 
Champsomunuf profundns Cope, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 350. 

This, the type species of the genus, was founded on a cervical, three 
dorsals, and a sacral, presumably' from the same individual, from the 
Judith River beds. Distinguished chiefly by the great development 
of the inferior keel. 

CHAMP808ATTBU8 ANKECTEN8 Cope. 
Champsosaunia arjnectens Cope, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 351. 

In describing this species Cope remarks that ''the greater number 
of vertebrae obtained belong to this saurian, which may therefore be 
looked upon as the type of the genus."" Since, however, the preceding 
species was described first, it would perhaps be better to follow the 
regular rule in such cases and regard it as the type of the genus, as 
was done by Hay in his Catalogue of American Fossil Vertebi-ates. 
The species is founded on several vertebrse, of which Cope remarks: 
"1 can not certainly connect the vertebrae of a series as those of a 
single individual." 

This species has been reported by Lambe^ from the Judith River 
beds of Canada. 

CHAMPSOSAURUS BREYIC0LLI8 Cope. 

Champsosaurutf breincoUis Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, 
p. 352. 

This species is founded on a single cervical vertebra, of which Cope 
remarks as follows: 

The evidence for the existence of this species must ])e allowed to rest at present on a 
cervical vertebra, with free hypapoph ysis. This body differs from the corresponding 



«Cont. Canadian Pa\a;onx., \q\, ^, ^v, 1, VWi, v. \tv. 
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one in the C amiectens in its greater brevity as compared with its length. The vertical 
and transverse diameters exceed the longitudinal in the C. brencoUis^ while in the 
C. annectens the length exceeds both. The inferior aspect of this centrum is broadly 
rounded, not carinate as in C, annectens. The value of this character is uncertain, 
but a centrum similarly rounded below (above alluded to) has the more elongate 
form of the C. annectens. 

CHAMPflOSAUBUS VACCIKSTrLENSIS Cope. 

Champsosaurus vaccinmUeruds Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, 
p. 353. 

This species is founded on a single vertebra. It is defined by Cope 
as follows: 

This reptile is indicated by a posterior dorsal vertebra in which the common base 
of the neural arch and diapophysis is decurved to below the middle of the side of 
the centrum. This surface has somewhat the outline of the section of a T-rail, the 
inner portion being on the superior face of the centrum. The centrum is shorter 
than the corresponding ones of the C. annectens and C. profundus^ so that the basis of 
the neural arch approaches near the borders of the articular faces above. The cen- 
trum is perforated by two vertical foramina as in most Sauropterygia. The osseous 
tissue of the bone is quite dense and the surface is smooth. 

Measurements. 

M. 

fantero-posterior 0. 026 
vertical 029 
transverse 045 

Besides the much larger size, this species differs from those previously referred to 
this genus in almost all details of proportion, etc. t 

From Cope's description of the vertebra which constitutes the type 
of this species it would appear not unlikely that it pertains to a genus 
distinct from Champsosaurus^ though from the nature of the type it 
must be evident to all that it is impossible to properly define either 
the genus or the species to which it pertains. 

Of the three preceding species of Champsosaurus it may be remarked 
that, while it is more than probable that several species pertaining to 
this genus are represented in the Judith River beds, yet, owing to the 
fragmentary and disarticulated nature of the remains upon which Cope 
based his descriptions, he was unable to properly define any of the spe- 
cies, and it would be quite impossible to refer an}^ material with cer- 
tainty to any of the species described by him. It has yet to be shown 
that most of the characters mentioned by Cope as distinguishing his 
species are not present in vertebrae from different regions of the ver- 
tebral column in the same individual. Mr. Barnum Brown has been 
recently engaged in making a study of some most excellent skeletons 
of Champsosaumjis collected by himself in the Laramie. When the 
results of his studies are published we shall doubtless know more of 
the structure of the Cretaceous rhyncocephalians and be able to 
arrive at a more definite conclusion concerning the nature and validity 

Bull. 257—06—^ 
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of the various species named b}^ Cope. Owing to the fact that these 
Judith River forms are known almost exchisivelv from disarticulated 
vertebral centra, and considering the usually very simple structure of 
these throughout the entire vertebml column in this group, it may at 
present be considered difficult, if not impossible, to distinguish the 
Judith River forms from one another or from the later Laramie 
forms. Vertebne of the character now known to pertain to Champ- 
iios(mnif< vfo.Yc first descri})ed and figured by Leidy" as belonging to 
PalceoscincHH coHtatm, The}- are now, however, known to have been 
associated with teeth entirel}^ different from those described and fig- 
ured as the type of that genus and species. 

CROCODILIA. 

CR0C0DILU8 HTIMILI8 Leidy. 
drocoiiihtH humiliH Ix'idy, 1857, Pror. Aea<l. Nat. 8<'i. Philadelphia, 185(5, p. 73. 



This species was founded on a number of teeth from the Judith 

River })eds of Montana. Leidy \s original description was as follows: 

• The Hpecies in founded on ton specimens of nhed crowns of teeth, apparently of a 
small species of crocodile. The largest specimen is 7J lines long and 3i lines m 
diameter at l)ase, which is nearly circular. Another specimen is 7 lines long and 2J 
lines in diameter at base, and a third specimen is 6 lines long and 3J lines in diamet4ir 
at base. These are all moderately curved conical, nearly circular in transverse sec- 
tion, with the two usual internal atmte ridges, and with the intervening surfaces 
slightly striate or nearly smooth. The crown of a posterior tooth is compresseii, 
mammillary in form, 2J lines long and 2J wide at base, with the summit obtuse, and 
the sides finely and longitudinally rugose. 

From the above description it will readily appear that the simple 
conical teeth upon which the species was based furnish no characters 
for the positive identification of other material. 

BOTTOSAimuS FERRU00SU8 Cope. 

BoUomyms pemigofnis Cope, 1874, Bull. U. S. Geol. and Geog. Surv. Terr., vol. 1, 
No. 2, p. 26. 

This species is founded on " numerous fragments with vertebra? and 
portions of skulT' from Laramie deposits of eastern Coloitido. 

Lam,be^' has reported this species from the Judith lliver beds of the 
lied Deer River in Canada. Considering the fragmentary nature of 
the type material and the diflference in the age of the deposits, Lambe's 
identification may be incorrect. It would seem better to accept it 
as only provisional until such time as the Crocodilia of the Judith 
River beds and the Laramie have been studied from more perfect 
material. 



aTraiiH. Am. Philcw. Soc, vol. 2. p. 140, PI. IX. 
tCont. Cttnadian Paleont., vol. 3, pt. 2, 1902, p. 48. 
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DINOSAURIA. 

A number of genera and species of dinosaurs have been proposed 
by Leidy, Cope, and Marsh, based upon detached teeth from the 
Judith River beds, although nothing definite is known concerning the 
nature of the animals to which they pertained. Some of these have 
been considered as pertjiining to the Lacertilia, others to the Dino- 
sauria, and still others to the Mammalia. 1 shall consider them col- 
lectively, however, as doubtfully pertaining to the Dinosauria. They 
are all founded on such fragmentary material as to l)e of little value 
except as bearing evidence of the diversity of the fauna. 

TBOODON F0RM08U8 Leidy. 

Troodon forvwmiH Li'idy, 1S57, Prcx!. Acad. Nat. Sci. Philadelphia, 1856, p. 72; 1860, 
Trans. Am. PhiloH. Soc, vol. 11, p. 147, PI. IX. 

This genus and species was founded on the crown of a single tooth 
from th(^ fludith River beds of Montana. Teeth of very similar size 
and pattern are not uncommon in the Laramie of Converse County, 
Wyo. Lambe'* has reported the genus and species from the Judith 
River beds of Canada. 

DEINODON HOSBIDUS Leidy. 

Deinodnn horridus Leidy, 1857, Proc. Acad. Nat. Sci. Philadelphia, 1^56, p. 72; 1860, 
Trans. Am. Philon. Soc, vol. 11, p. 143. 

This species was originally founded on a immber of detached teeth 
from the Judith River beds, evidently pertaining to more than one 
genus and species, as was subsequent!}' recognized })y Leidy* when he 
made the more problematical of the teeth at first referred to this 
genus and species the type of a new genus and species, Auhlymdcni 
nu'raii(h(f<. The remaining teeth referred by Leidy to the present 
geiuis clearly pertain to members of the carnivorous Dinosauria. 

AUBLTSODON MIRAKDUS Leidy. 

Aiihlymdon mirandruf T^idy, 1868, Proc. AcA<:l. Nat. 8td. Philadelphia, 1868, j). 198. 

This species was founded on detached teeth from the Judith River 
beds of Montana. These teeth are variable in size and character. 
Their nature is problematical. Marsh has suggested that some of 
the smaller forms might possibly be mammalian. It seems more 
probable, however, that they are all reptilian and that they pertnin to 
some form of carnivorous dinosaur. In general form the teeth are 
subconical, flattened on one side and convex on the other, with a rather 
blunt apex. Teeth of th'is character are fairly conmion both in the 
Judith River beds and the Laramie. Marsh ^ has named without 



aCont. Canadian Paleeont., vol. 3, pt. 2, IWJ, p. 47. 

b Proc. Acad. Nat. Sci. Philadelphia, 1868, p. 1»8. 

c Am. Jour. Sci., 3d ser., vol. 44, 1892, pp. 174 and 175, PI. lU. 
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describing two species of the present genus, A. amphis and A. cris- 
tatus^ from material found ''in the Ceratops beds of Montana and 
Wyoming." Since neither of these species was properly described 
by Marsh, they ma}' as well be abandoned. While, as remarked 
above, teeth of the same pattern as those described and figured by 
Leidy are common in both the Laramie and the Judith River beds, 
they do not of themselves afford characters of sufficient importance 
to distinguish either genera or species. 

PABONYCHODON LAC17STBIS Cope. 
Paronychodon lacustris Coi>e, 1876, Proc. Acatl. Nat. Sci. Philadelphia, 1876, p. 256. 

This species was founded on detached teeth with subconic crowns, 
"one side of which is convex and the other side plane." After a com- 
parison of Cope's description of the present genus and species with 
Leidy's description and figures of the preceding, it is evident that 
the teeth described by Cope are of the same form as those described 
by Leidy. Since Cope's material was derived from the same general 
locality in the Judith River beds as Leidy's, the last-named genus and 
species may well be considered a synonym of the first. 

ZAPHSALIS ABBADUS Cope. 
ZaphsalU nhradus Goj)e, 1876, Proc. Acad. Nat. Sci. Philadeli)hia, 1876, p. 344. 

This species was founded on detached teeth from the Judith River 
beds of Montana. The meager description given by Cope without 
figures renders it impossible to certainl}^ identify any of the forms of 
teeth known from these deposits with those referred to by Cope in his 
description. It seems probable, however, that his description was based 
on certain small teeth found not very abundantly in both the liaraniie 
and the Judith River })cds and characterized by sharp, compressed 
crowns, broad at base and pointed above, flat on one side and gently 
convex on the other, with denticulate posterior and smooth anterior 
border. The flat surfaces of these teeth are distinctly striated and 
have the appearance of having been applied to one another in a man- 
ner like that of the inner surfaces of the anterior pair of incisors in 
some ro<lent^. They evidently pertain to the Reptilia, and may I'epre- 
sent anterior teeth which occupied a position in the jaw similar to 
that of the incisors in certain Mammalia. Their exact nature must, 
however, for the present at least, remain uncertain. 
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THEROPODA. 

DEDTODON Leidy. 
Deinodon L<ndy, 1857, Proc. Acad. Nat. 8ci. Philadelphia, 1856, p. 72. 

Cope^ has pointed out that Deinodon Leidy was essentially preoc- 
cupied by Dinod^m^ applied by Dumferil in 1853 to a genus of reptiles. 
Cope by reason of this substituted the genus Lddaps^ founded in 1860 
on material from the Greensands of New Jersey, overlooking the 
fact, later pointed out by Marsh ^, that L^laps was also preoccupied, 
having been applied l)y Koch in 1835 to a genus of Arachnida. At 
the same time Marsh proposed the generic name Di*yptosaur\u< to 
replace Lsel<iys. Considering that Leid3'^'s spelling of the name 
Deinodoti differed from that of Dumferil, not a few naturalists would 
be in favor of retaining the former as a good generic name. It is 
retained here for those carnivorous dinosaurs with teeth after the 
pattern of those to which it was restricted by Leidy in 1859. Should 
this name be abandoned Jis preoccupied it would perhaps be best to 
give to these Judith River carnivorous dinosaurs a new generic name 
rather than to refer them to Dryptosaurus^ founded, as we have seen, 
on material from the New Jersey Greensands. 

Besides the type species, JJ, Iwrridus^ already mentioned as having 
l)een described by Leidy from detached teeth from the Judith River 
beds of Montana, a number of other specific names have been proposed, 
more especially by Cope, for fragmentary remains from these deposits. 
These so-called species have been referred sometimes to the present 
genus, sometimes to Lcelitps^ Auhlysodon^ Dnjptosauriis^ etc. I shall 
refer to them all under the present genus. 

DEDTODON LATESALIS (Cope). 
Aublysodon lateralis Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 248. 

This species is founded on detached teeth from the Judith River 
beds of Montana. From Cope's description of this species it is evi- 
dent that the teeth upon which it is based belonged to the genus 
Deinodon rather than Auhlysod^m^ as those genera were restricted by 
Ijeidy. Considering the heterodont nature of the teeth in those 
carnivorous dinosaurs, it is doubtful if the present species is distinct 
from the type of the genus. 

DEINODON INCSA8SATVS (Cope). 
Ijsdaps incrasisatus Cope, 1876, Proc. Acad. Nat Sci. Philadelpia, 1876, p. 248. 

This species was founded on '^two teeth, a larger and a smaller, 
which were found near each other, but not suflBciently so as to war- 



aTrans. Am. Philos. Boc., vol. 14, 1870, p. 117. 
6 Proc. Acad. Nat. Sd. Philadelphia. 1866, p. 276. 
Am. Joar. Sci., 2d ser., vol. 14, 1877, p. 88. 
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i-ant the belief that they pertain to the same individual." These teeth 
are probably from near the anterior and posterior extremitiea of the 
series in some representative of D, horridus Leidy. 

BEIHODON EZPLA5ATU8 (Cope). 
Ijivlaps e.i'planahis CoY>e, 1876, Pruc. Acad. Nat. Sci. Philadelphia, 1876, p. 249. 

This species was founded on numerous teeth of an apparently small 
carnivorous dinosjiur f rom the Judith River beds of Montana. So far 
as it is possible to determine its characters from the teeth alone, it 
ap|>ears to be quite distinct from aii}^ of the others. Teeth similar 
in character to those described by Cope are common in both the 
Judith Kiver beds and the Laramie. Cope has described the crowns 
of these teeth as "strongly compressed and curved; one side is flat, 
the other gently convex."' It is probable that the teeth descrilied by 
Cope occupied a median iK)sition in the jaw and that the flat surfiice 
was the inner. 

DEIHODON FALCULUS (Ck>pe). 
Lxlaps fnlcnlus Cojio, 1876, Pnw,. Ac-ad. Nat. Sci. Philadelphia, 1876, p. 249. 

This species is founded on several teeth from the Judith River beds 
of Montana. According to Cope, they are of about half the size of 
those of the last-mentioned species and are relatively shorter, stouter, 
and less sectorial in charact<*r. They may represent anterior teeth of 
that species. 

DEINODON HAZENIANTTS (Cope). 

LninpH hazenianuH Cope, 1S76, l*roc. Acad. Nat. Sci. Philadelphia, 1876, p. 343. 

This species is founded on seven detached teeth from different locali- 
ties. Teeth of the character of those described by Cope are not 
uncommon in both the Laramie and the Judith River beds. They 
appear to pertain to the anterior d(»jitition of some of these carnivorous 
dinosaurs, prolnibly of J>. horrlduH, 

DEIHODON UEVIPBONS (Cope). 
Lirlaps hn'lfroih'^ Co\)Oy 1H76, l*roc. Acjid. Nut. Sci. Philadelphia, 1876, p. M4. 

This species is founded on a single tooth from the Judith River beds 
of Montana. It is distinguished by the absolutely smooth character 
of the anterior edge, a character of doubtful value. 

DEIHODON CBISTATUS (Cope). 
L:vl<ips rrii<tntui< Coi>c, 1876, Pnu*. .Acad. Nat. Sci. Philadelphia, 1876, p. 344. 

This species is founded on detached teeth from the Judith River 
bed.s resi'Mibling those of 7/yW/>// in charai'ter and size, and possibly 
pertaining to that geims. 
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OBNITHOMDnrS Marsh. 
Onuthoinimu^ Marsh 1890, Am. Jour. Sci., 3(1 8er., vol. 34, p. 84. 

The present genus was based upon material from the Laramie 
(Denver) beds of eastern Colorado. Other species referred to the 
same genus by Marsh were secured in Cretaceous deposits in the 
Judith River region of Montana. 

ORNITHOMIMTJS TENTTIS Marsh. 
Orii'homhnus temiin jMarsh, 1890, Am. Jour. Sci., 3(1 eer., vol. 34, p. 85. 

This species is lonnded on a portion of a third metatarsal from the 
J udith River beds of Montana. 

ORNITH6mIMT78 OBANDIS Marsh. 
Omithomimus grandis Marsh, 1890, Am. Jour. Sci., 3d ser., vol. 34, p. 85. 

This species is founded on fragments representing a considerable 
portion of a skeleton from the Eagle sandstones near the mouth 
of Cow Creek, opposite Cow Island, on the north side of Missouri 
River, Montana. This species, which is much the largest of this genus, 
has been erroneouslv referred to the Judith River beds. Our researches 
in th(» season of VjOS demonstrated conclusively that the sandstones 
from which it was obtained belong to the Eagle formation and per- 
tain to a horizon decidedly older than the Judith River beds. Here- 
after it should be referred to the Eagle formation. It was a reptile 
of enormous proportions. The third metatarsal, according to Marsh, 
has a length of 600 mm., and was 90 mm. in transverse and 80 nun. in 
antero-posterior diameter at its distal extremity. 

ORNITHOMIMTJS ALTU8 Lambe. 
Onilt/ioinimus cUtus T^iinbe, ltK)2, C-ont. Canadian Pahcont., vol. 3, pt. 2, p. 50. 

This species is based on considerable portions of tlie skeleton from 
the Judith River beds of the Red Deer River region in C'anada*. 
A^ccording to Lambe's description of the species, the type ma>' be con- 
sidered as consisting of "a complete hind limb (including the foot), the 
phalanges of the left foot in place, a pubic bone, and an ischium, of 
one individual (No. 930 Can. Geol. Survey)." The present species 
appears, from Marsh's very meager description, to be very closely 
related to, if not identical with, that of 0, tenuis Marsh, based upon 
material from the same beds in Montana. 

Although the genus Ornltho/nimtcs represents the most highly 
specialized theropod dinosaurs found in these beds, they are at present 
represented in our various museums by such meager material that it 
is as yet quite impossible to detennine many of the more impoilant 
characters of the genus or to satisfactorily compare the various 
species with one another. Whenever by the discovery of more 
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perfect material it shall become possible to make comparative studies 
of the various species of Ornithomimidse now reported from the 
Eagle formation, the Judith River beds, and the Laramie, they will 
doubtless prove to exhibit many anatomical differences, perhaps even 
of generic importance, and show various degrees of specialization 
which are at present not discernible. 

PREDENTATA. 

STEGOSAURIA. 
PAL£0SCIKC17S COSTATUS Leidy. 
Palasosdncus costatus Leidy, 1857, Proc. Acad. Nat. Sci. Philadelphia, 1856, p. 72. 

In proposing the genus and species Leidy remarks as follows: 

The genus and species is founded on a single specimen of a tooth of a laoertian, 
discovered by Doctor Hayden. 

The crown of the tooth is palmate, with eight radiating co&tsd terminating at the 
mai^^in in more or less developed points. The fang is flatteneii, cylindrical, and la 
hollow; and it expands into a ridge surrounding the base of the crown. Breadth of 
the crown 4 lines, length 2} lines; width of the fang 2 lines, thickness 1 line. 
Whole length of the specimen 4 lines. 

This tooth was subsequently figured and described^ in greater detail 
by Doctor Leidy. In this description it was provisionally associated 
with certain vertebrse now known to belong to the rhyncocephalian 
genus Champsosaurm. 

Teeth of the same general form and pattern as that described and 
figured by Leidy are common in the Judith River beds and the 
Laramie. As yet they have only been found detached, so that nothing 
is positively known as to the nature of the animals to which they 
belonged. On account of their close resemblance to the teeth of 
stegosaurian reptiles from the Jurassic, they have been very generally 
considered as pertaining to representatives of the StegosauridsB. 

Lambe* has reported this species from the Judith River beds of the 
Red Deer River region in Canada. We found teeth not specifically 
distinguishable at various localities botii in Canada and in Montana. 

PAUEOSCIHCnS ASPEB Lambe. 
PalxogcincusaaperLAmhet 1902, Cont. Canadian Palscont, vol. 3, pt. 2, p. 54, PL XVII. 

This species is founded on the crown of a single tooth from the 
Judith River beds of the Red Deer River region in Canada. Accord- 
ing to Lambe, the present species is distinguished as follows: "The 
serrations are more numerous, the sides more conspicuously ridged, 
whilst the double row of denticles at one end of the cutting edge, 
besides being novel, is most interesting and instructive, in that it is 



'•Trans. Am. Philos. Soc., vol. 11, IbOO, p. 146, PI. IX. 
bCont Canadi&n Palffiont, vol. 3, pu 2, 1903, p. 6& 
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suggestive of a progressive step toward the development of a double 
row of tubercles such as is found m the molars of the Multitubercu- 
lates.^ I am of the opinion that the characters mentioned above may 
be due to age or the position occupied by the tooth in the jaw, 
rather than to any specific distinction. 

STEBEOCEFHALUS TUTUS Lambe. 

Sttreocephalus UUits Lambe, 1902, Cont. Canadian Palteont., vol. 3, pt 2, p. 55, Pis. 

XI, XII, XXI. 

The present genus and species has been described by Lambe from 
remains pertaining to several individuals, for the most part found dis- 
sociated in the Judith River beds of the Red Deer River region in 
Canada. Lambe's description was based on material believed by him to 
represent parts of the skull, the ribs, teeth, dermal scutes, and spines or 
plates. He refers the genus to the Stegosaurida;, and it appears more 
than probable that the tooth figured by him in the text may pertain to 
some member of that family, though it remains to be shown that it is 
distinct from the previously mentioned genus. This tooth certainly 
resembles very closely a large and worn tooth of Paldeoscincm. 

The fragment of skull, together with the five-keeled bony scutes 
found in connection with it, may or may not pertain to the same genus 
as the tooth and detached dermal plate. There is considerable evi- 
dence, however, for referring them to the Crocodilia rather than the 
Dinosauria. Scutes very similar to those figured and described by 
Lambe, though of much smaller size, are common in the living cayman 
and other members of the Crocodilia, while remains of crocodiles of 
gigantic size are known to occur in the Judith River beds. It seems 
not impossible, therefore, that remains of reptiles pertaining to two 
distinct orders have been associated in the description of this genus. 

CERATOPSOIDEA. 
CKRATOI^SIi:)^^. 

Marsh^ proposed the family name Ceratopsidse, from the genus 
Cei^atapa^ to include a group of quadrupedal horned herbivorous dino- 
saurs from the Judith River beds and the Laramie. This family 
included, perhaps, the most highly specialized members of the pre- 
dentate dinosaurs. It reached its culmination in the Laramie, where 
it was represented by numerous individuals pertaining to several 
genera and species. In Judith River times, however, the family had 
already acquired a marked degree of specialization, and was represented 
by at least two or three genera and several species pertaining to 
decidedly more primitive types than the later Laramie forms. At 

a Am. Jour. Sci., 8d ser., vol. S6, 1888, p. 478. 
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present two g-enera are clearly recognizable among the remains of 
Judith River Cemtopsidje. A number of other genera supposed to 
belong to this family have been referred to these beds. Some of these 
genera are based on such fragmentary material that it is quite impos- 
sible to identify them specifically or to determine their relations. 
Some genera are known to belong to other families of the Dinosauria, 
and one or two have been referred by some authors to these beds the 
tyi)es of which it seems more than probable were derived from the 
Lanimie, although no definite statement was made by their author as 
to their geographic or stratigraphic position beyond the fact that they 
were from the Laramie. This assertion might now be taken as mean- 
ing anj'^where from the base of the Judith River beds to the top of the 
Fort Union. 

DTSOAKUS Cope. 
Dysgayms Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 250. 

The present genus was the first to be proposed for these dinosaui's. 
Unfortunately it was based on such imperfect material that Cope was 
unable to describe it in such a manner that it can be identified with cer- 
tainty. The genus was founded on a number of detached teeth per- 
taining both to members of the present family' and to the Trachodon- 
tidie, a family of bipedal dinosaurs common also in the Judith River 
beds. Cope proposed four species based upon the remains of teeth 
referred to Dysganns, Since all of these species are unidentifiable, 
it is only necessary to mention them in this connection. They arc as 
follows: Dysganu^ hieariJiatm^ D. encamstu.% D, /utydenianu^, IX 

peiganu4i. 

M0N0CL0NIT7S Cope. 

Monocloniiis Cope, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 255. 

This is perhaps the best known dinosaurian genus from the Judith 
River beds. Although distinguished chiefly by its cranial characters, 
the remainder of the skeleton is also fairly well known. Altogether 
seven species have been referred to this genus — four by Cope and 
three by Lambe. After a careful study of the remains upon whi<*h 
these various species were based, it is evident that they pertain to more 
than one genus. 

Considering Monoclonivs n^amnA Cope, the first species descril>ed, 
as the type of the genus and basing our diagnosis of the genus upon 
the material used by Cope in defining this species, the present genus 
may be distinguished by the following cnaracters: Parietals per- 
forated by lateral fontanelles of moderate dimensions separated by a 
broad, thin, median parietal bar. Sutures for squamosjils much abbre- 
viated, indicative of short and proportionally broad squamosals. 
Supraorljital horn cores very short, straight, and triangular in cross 
section. Nasal horn long and curved backward. 
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MOKOCLOinnS CSASSUS Cope. 
Monodonius cra^stis Cope*, 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 255. 

This species is founded on a sacrum, several vertebrie, limb bones, 
portions of skull, teeth, etc., from the Judith River beds of Montana. 
Owing to the imperfect nature of the material, together with the 
unusual form of some of the elements, which are so strikingl}' different 
from those in all other known n^ptiles, Co[)e'8 description of this si)ecies 
was erroneous in many respects, as will appear from the following 
((notation : 

Sacrum with ten vertebrae, the last centrum much compressed, the dyapophyses 
extending horizontally from the neural arch above, and connected by a vertical 
lamina with the iliac supjMDrts; length, 27.33 inches. The bones of the limbs are 
robust, the hinder the longer, but not so much so as in some other genera. Length 
of femur, 22 im^hcH; greatest diameter, proximally, 8 inches; distally, 7.25 inches. 
The tliree anterior dorsal vertebrae are coossified, and the first exhibits a deep cup 
for articulation with the preceding vertebra. The episternam is a T-shaped bone, 
thin and keeled on the median line below. Jjength of transverse portion, 21 inches. 

The three coossified vertebra3 are now known to be the anterior 
cervides instead of the dorsals, while the ^'episternum" is in reality 
the parietal. Cope's description of the teeth and their method of 
replac(»ment is likewise erroneous. The teeth in the present genus, 
instead of resembling those of Iladromuriis and being rephu^ed from 
in front as in that genus as .stated b}'^ Cope, differ markedl}' from the 
teeth in any of the bipedal dinosaurs. The crowns of the teeth in 
Jfo/iorfoftius^ as in all the Ceratopsidae, are compressed and acuminate. 
There is a strong median vertical keel on the external wall in the upper 
teeth and a similar one on the internal wall of the lower teeth. In the 
unworn teeth the opposite walls of both the inferior and the superior 
teeth present a broad keel. The teeth are replaced from beneath and 
not from the ^^ front,"' as in Ili/dromurwH, All the adult teeth, save, 
perhaps, those at either extremity of the dental series, are two rooted. 

MONOCLONIUS DAWSOHI Lambe. 

}fowK'hnins dawsoni T^ml)e, 19()2, Cont. (Canadian Paheont., vol. 3, pt. 2, ]». 57, PI. 

XVI, XIX, XX. 

This species is founded on a considerable portion of a skull from the 
Judith River beds of Canada. The type (No. 1173, Can. Geol. Survey) 
consists of a very fragmentary skull with large and somewhat com- 
pressed nasal horn core curved backward, ovate in cross section with 
the broad end of the oval directed anteriorly. The orbit is nearly 
circular, and there still remains in the type the base of a small rudi- 
mentary supraorbital horn core, notwithstanding Lambe's statement 
that it shows no trace of a horn core. This rudimentary horn core is 
flattened on its external surface as in the cotype of Monocloniiis crrufinm 
Cope. The apex of this horn is wanting in the present specimen. A 
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fragment of the parietal is preserved, showing three or four of the 
marginal undulations. These resemble those seen in the type of Mono- 
clonvm criissus Cope, and I am inclined to regard the present species 
as closely allied to, if not identical with, the M. crassus of Cope. The 
nasal horn and orbit are very large when compared with the occipital 
condyle, the maxillaries, and the quadrate. 

The peculiar parietal associated by Lambe with the type of M. 
daw8oni may be regarded as pertaining to a distinct species and per- 
haps also to a distinct genus. The median parietal bar is very heavy 
and deeply emarginate posteriorly, where on either side it gives oflf an 
elongated process which is pointed and curves inward and slightly down- 
ward. The bases of these processes are separated from one another 
by a distance of 300 mm. They are each 109 mm. in length, have a 
breadth of 112 mm. at the base, and a thickness of 30 mm. They are 
acutely pointed, have rugose surfaces with deep vascular grooves, and 
in life were evidently ensheathed in horn. The posterior border of 
the parietal between the bases of these processes is very thick and 
rounded. On the superior surface, in the middle just in front of the 
posterior border, there is a rather deep concavity. The median bar of 
the parietal is very thick throughout its entire length. Its superior 
surface is marked by a number of very gentle elevations; it is rugose 
and shows shallow vascular impressions. Besides the processes already 
mentioned as present on the posterior portion of the parietals, there is 
on either side a series of seven emarginations on the parietal borders, 
separated by as many prominences. The posterior of these promi- 
nences are the larger, and they each bear evidence of havmg supported 
a distinct cpoccipital bone during the life of the animal, save perhaps 
the two anterior, which appear to have been overlapped by the squamo- 
sal, since the parietal in this region presents a rather distinct sutural 
surface for contact with the squamosal. The parietals on either side 
of the median bar present a large fontanelle, and the margin of bone 
inclosing this is very thin. These fontanelles have a length of 292 mm. 
and a breadth of 254 mm. The parietal bar is concave on its inferior 
surface, and more especially anteriorly. At its anterior extremity it 
presents a number of cavities and articulates with the postfrontals. 

One-half of a horn core, split longitudinally and found with this 
peculiar parietal (No. 971, Can. Geol. Surve}') referred by Lambe, 
though I think erroneously, to M. dawsani^ appears to represent one- 
half of a nasal horn of the t3'pe described by Cope as M. spJienocerus. 
Owing to the imperfect nature of this specimen it is not possible to 
determine positively whether it represents a nasal or a supraorbital 
horn core. It seems more than probable that this type of parietal 
was associated with a nasal horn similar to that of M. sphenocerus. 
If the horn core should prove to be a supraorbital the evidence 
would be equally in favor of excluding it and the associated parietals 
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from the present species, whose very rudimentary supraorbital horn 
core is widel}^ different. It seems quite probable that this peculiar 
parietal may pertain to M, sphenocev^is. From the nature of the 
associated horn core it can not pertain to M. dawsoni. 

MONOCLONIT78 SPHENOCERUS Cope. 
MonocUmitut sphenocerus Cope, 1889, Am. Naturalist, vol. 28, p. 716, PI. XXXIII. 

This species is founded on a premaxillary, a nasal, and a nasal horn 
core from the Judith River beds. The nasal horn core of the present 
species is the largest and most powerful observed in the Ceratop- 
sida?. It is perfectly straight and was directed upward and slightly 
backward. The anterior border is sharp throughout its entire length; 
the posterior is broadly rounded. No other portions of the skull are 
associated with the type, so that it is impossible to determine from it 
the character of the frill or parietal crest. As stated above, a portion 
of a horn core found associated with the peculiar parietal referred by 
Lambe to M. dawsoni resembles the nasal horn of the present species, 
and it is not improbable that the parietal figured and described b}'^ 
Lambe pertains to the present species rather than to M. daiJbsoni. If 
so, this would seem to emphasize the distinctive characters of the pres- 
ent species, which might then even be considered as generically dis- 
tinct from the other known species. 

MONOCLOHinS FISSnS Ck>pe. 

Monodonius fissus Cope, 1889, Am. Naturalist, vol. 23, p. 717. 

This species is founded on an imperfect pterygoid described as a 
squamosal. The type is not sufficient to afford an adequate descrip- 
tion of the species, and the latter should be abandoned. 

The three remaining species referred by their authors to this genus 
are here regarded as pertaining to the next genus. 

CERATOPS Marsh. 
Ceraiops Marsh, 1888, Am. Jour. Sd., 3d ser., vol. 36, p. 477, PI. 11. 

This genus was founded on an occipital condyle and a pair of supra- 
orbital horn cores from near the summit of the Judith River beds in 
Montana. The horn cores toward the top are nearly circ^ular in cross 
section instead of being flattened on the external side as in Moiuxlo' 
niui< Cope. They are much longer than in the type of that genus and 
are somewhat curved, though not so much so in C, 7nontaniis Marsh, 
the type species, as in some of the other forms here referred to this 
genus. Combining the characters shown by the types of the several 
species referred to the present genus, it may be defined as follows: 
Parictals reduced to a narrow median bar and slender postero- 
lateml processes, inclosing on either side large elongated parietal fon- 
tanelles. External branches of parietals overlapped by the elongated 
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and triangular squamosals. Supraorbital horn cores well developed, 
circular in cross section except near the Imse, and curving backward 
and outward. Nasal horn core strong and curved forward instead of 
backward as in Monoclojiiiis. 

CEBATOPS MONTAinrS Marsh. 
Ornlops uwntantui Marsh, 1888, Am. Jour. Sd., Sd^ser., vol. I^, p. 477, PI. II. 

This, the type species of the genus, was founded, as stated above, on 
an occipital condyle and a pair of supraorbital horn cores from the 
Judith River ])eds of Montana. The elongate supraorbital horn cores, 
circular in (Toss section, easily serve to distingush the present genus 
and species from Moiutchnlm crajusufi^ and subsequent discoveries have 
shown that this type of horn core was associated with other distinctive 
cranial chanicters of still greater importance. 

CEBATOPS BECTJBVICOBNIS (Cope). 

Mowtcloniun rccitrvicomis C(>i)e, 1889, Am. Naturalist, vol. 23, p. 71(>, PI. XXXI V 
[XXIV]. 

The species is founded on nasal and supraorbital horn cores and other 
parts of tlie skull pertaining to the same individual from the Judith 
River ])cds of Montana. The forward curve of the nasal horn, the 
presence of a rudimentary horn on the surfa<;e of the f rontals a little 
in advance of the orbit, and the well-developed supraorbital horn cores 
arc characteristic of this specdes. Owing to the immature age of the 
individual to which the type pertained, the supraorbital horn cores 
have not assumed their adult form and appear somewhat intermediate 
between those forms which are characteristic of Ce?'(itops and those 
found in Jfo/wchniuJi, though they are decidedly nearer that of the 
former genus. 

CEBATOPS CANADENSIS (Lambe). 

MonodoniHs mnadensi^ Laml)e, 1902, Cont. Canadian Pala^ont., vol. 3, pt. 2, p. 63, 
Pl.s. XVII, XVI II. 

This six^cies is founded on a portion of a skull and a lower jaw. With 
the skull there is a nasal without the horn, erroneouslv considered bv 
Ijambe a.s a jugal part of the frontal region with the horn, a squamosal, 
and a portion of the slender external bar of the pariebil. The supm- 
orbital horn core in the present species is well developed, circular in 
cross section, and curves backward, all of which characters readily 
distinguish it from the short triangular horn cores of M(mocl(min.s, 
The long triangular sijuamosal is quite different from that which the 
squamosal suture of the parietal would indicate as having been present 
in the latter genus. The fortunate discovery made by Mr. Lambe in 
the Judith River beds of Canada, in which he found the type of the 
pn»sent species, fixes with reasonable certainty the character of parietal 
and squamosal that were associated with the type of supraorbital horn 
seen in Ceratops rnojitanv^. 
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CEBAT0P8 BELLI (Lambe). 

MouodftniuR heUi Lainlx*, 1902, Cont. Canadian Palscont., vol. 3, pt. 2, p. 66, PI. XX. 

This species is founded on a portion of a parietal from the Judith 
River beds of Canada. The portion of parietal found in place with 
the s(iuaniosal in the type of the preceding species is of such a char- 
acter as to render it more than probable that the present species is 
not specifically distinguishable from C, canadensis^ as will appear 
from the following quotation taken from Lambe's description of the 
scjuamosal of Cera fops ainadmsis. 

The lower Hurfaee n(»ar and parallel to the inner pasterior end is broadly and 
.shallowly jjrooved for the re(*eption of a long, slender bone, triangular in section, 
that project.M backward and inward, its outer edge continuing the curve of the 
squamosal. Probably this slender l)one represents the anterior end of a forwardly 
l)ent, side extension of the parietiil, such as occurs in the species Monoclonins heUi. 

The type of the present species would seem, therefore, to be of more 
value as furnishing direct evidence as to the character of the parietals 
in the genus Ceratops than as representing a new species. 

CEBATOFS PAUCIDUS Manh. 

(Vrnlojh'i pavc'uhi^ Marsh, 1889, Am. Jour. Sci., 3d ser., vol. 37, p. 31^; 1890, Am. 
.Jour. Sci., 3d ser., vol. 39, p. 83. 

Found(»d on a fragmentary maxillary and prcmaxillary from the 
Judith River beds of Montana. These remains may very well pertain 
to some one of the species of Ceratopsidae previously described. It 
can not certainly ])e determined whether they belong to Ceratops or 
to Monoclofiitf,^. Owing to the uncharacteristic nature of the type 
material, Marsh was unable to properly define the species, and it 
would be better to abandon it as a nomen nudum. 

Besides the above-mentioned genera and species of Ceratopsidae 
based on material from the Judith River beds there remain to be con- 
sidered a number of others erroneously referred by some authors to 

this family. 

STEOOCEBAS VALIBUS Lambe. 

Stef/oreras ralidiis I^mbe, 1902, Cont. Canadian Pala?ont., vol. 3, pt. 2, p. 68, PI. XXI. 

This species is based on two anomalous bones from the Judith River 
beds of Canada. Although both these elements were referred by 
Lambe to a single species which he placed in the Ceratopsida*, it is 
evident upon examination that they pertain to two different species 
and belong to another family. Lambe says of these elements: "' It is 
probable that these bones were situated in the median line of the head, 
in advance of the nasals." It seems more probable, after a careful 
study of them, that they represent the roof of the biain case and the 
frontal region of the skull of some unknown reptile. For the exact 
determination of their hocjologies and the nature of the reptile to 
which they belonged we must await the discovery <if lUore complete 
material. 
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MONOSPOlTDTLnS OIOAS Cope. 

Monospondylus gigats Cope, 1892, Am. Naturalist, vol. 26, p. 757. 

This species is based on two detached vertebral centra from the 
Cretaceous of South Dakota, referred by Cope to the (J!eratopsid», 
but now known to pertain to the Theropoda. The present genus and 
species are referred to in this connection on account of their having 
been erroneously included by Osborn^ in his list of genera and spe- 
cies from the Cretaceous of Montana. In showing these vertebr® to 
the writer Cope stati^d definitely that they were from the Laramie of 
South Dakota. 

CLA0BHYKCHU8 TRXHEDBUS Cope.. 
Claorhynchus trlhednm Cope, 1892, Am. Naturalist, vol. 26, p. 757. 

This species is based on a rostml and predcntary presumably from 
the Laramie of South Dakota, although it is included by Osborn in 
his list from Montana. It has been referred by Cope to the Ceratop- 
sidae, but the parts described differ materially from the same elements 
in any known member of that family. From Cope's description they 
would appear to resemble more nearly the predentary and pre- 
maxillary of some member of the Trachodontidse. The types are not 
accessible and their nature and relations can at present only be judged 
by the description given by Cope. Unfortunately Cope omitted 
to state where they were found and nothing is positively known 
concerning either their geographic or their stratigraphic position. 

ORNITHOPODA. 
TBACHODON Leidy. 

This genus is perhaps more abundant than any other dinosaurian 
genus of the Judith River beds. Altogether five or six species^ more 
or less distinct, have been described, while an equal number of species 
have been referred to other genera, some of which may prove to belong 
to Trachodan. Unfortunately the genus Trachodan and its included 
species, as well as the allied genera and species from the Judith River 
beds, are all based on such fragmentary material as to render their 
identification uncertain. 

TBACHOBON HBABILIS Leidy. 

Trachoihm mirabilis Leidy, 1857, Proc. Acad. Nat. Sci. Philadelphia, 1866, p. 72. 

Leidy states that this species is "founded upon specimens of teeth, 
generally very much worn and in a fragmentary condition." Although 
the trachodonts are easih^ distinguishable by their teeth from the 

aCont. Canadian Pal8EK>nt.. vol. 3. pt. 2, 1902, p. 15. 
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other Dinosaiiria of these beds, it is scarcely possible to identify 
the various species of this genus or the genera of the family from 
the teeth alone, although Lambe'' has ventured to do so. The type of 
the present species was from the Judith River beds of Montana. 

TSACHODON BBEVICEPS (Marsh.) 
Hadromurus breviceps Marsh, 1889, Am. Jour. Sci., 3d ser., vol. 37, p. 335. 

This species is founded on a portion of right maxillary, with teeth 
in an admirable state of preservation. The label accompanying the 
specimen states that it is from the Bearpaw Mountains. There is no 
doubt, therefore, that it is from the Judith River beds. In form and 
general character the teeth resemble very closely those of Trachodon 
sehjoyni Lambe from the Judith River beds of Canada, as will be seen 
by a comparison of the figures published by Marsh and Lambe. 

TRACHODON SELWTHI Lambe. 
Trachodon seliuyni Lambe, 1902, Cont. Canadian Palseont., vol. 3, pt. 2, p. 69, PI. 111. 

This species is founded "principally on the evidence of teeth," dis- 
tinguished "from those of T, mirahilis Leidy in being rounded oval 
above instead of terminating in a point." As stated above, in pattern 
and size the teeth of the present species as figured by Lambe agree 
very well with those of the type of T. hrevicepa^ from the same beds 
in Montana as figured by Marsh, and it is quite possible that the 
present species is a synonym of T, hreviceps. 

TSACHODOir KABOnrATUS Lambe. 

Trachodon marffinatus Lambe, 1902, Cont. Canadian Palseont, vol. 3, pt. 2, p. 71, 
Pl8. III-X. 

This species is based on numerous teeth and remains of the skeleton 
representing almost all the different elements, for the most part found 
dissociated in the Judith River beds of Canada. That this species 
is based on material pertaining not only to different individuals, but to 
different species, genera, families, and even orders, is clear from a 
reference to Lambe's figures and descriptions. The ischium figured 
on PI. X of his memoir as pertaining to the present species has 
nothing to do with the present genus, but is the ischium of some 
member of the Theropoda. 

Of the abundant material figured and described by Lambe as 
belonging to this species, none of it has been designated as the type, 
and the identification of the species might best be considered as resting 
upon dental characters alone. On page 77 of his memoir Lambe dis- 
tinguishes this species by the teeth, which he says are ''rounded 
above, with a marginal sculpture." 

a Cont. CanAdian PalsBOUt, vol. 8, pt 2, 1902, p. 77. 
Bull. 267-05 7 
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TBACHODON ALTIDENS Lambe. 
Trachodon aUidens I^ambe, 1902, CJont. Canadian Palajont., vol. 3, pt. 2, p. 76, PL IV. 

This species is founded on a left maxilla with the teeth from the 
Judith River beds of Canada. Distinguished by the small, narrow, 
elongate teeth *•' beautifully marked for a short distance above the 
apex of the crown, on the raised edges of the outer enameled face by 
a few obliquely placed, transversely elongated embossments." The 
present species appears to represent one of the smaller members of 
the genus. 

PTEROPELTX 0BALLIFE8 Cope. 

Pleropehix grallipes Cope, 1889, Am. Naturalist, vol. 23, p. 904. 

This species is based on a considemble portion of a skeleton without 
skull or teeth, from the Judith River beds of Montana. Distinguished 
from the preceding genus and species by its more slender proportions, 
pubis coOssified with ischium, four digits in pes, and probably more 
elongate fore limbs. 

Lambe'* has distinguished the various species of Trachodofi and 
IHerippdyx as follows: 

Comparative table of teeth of species of Trachodon and Pteroi>elyx, 



Tracluxlon niirabili.s Leidy Teeth pointed above; margins smooth. 

Trachodon ( Ptero|)elyx ) selwyni Teeth rounded oval above; margins 
Lambe. i smooth or with the faintest indica- 

tions of oblique transverse striic. 

Teeth rounded above; with a marginal 
sculpture. 

Teeth rounded above; with a border 
sculpture. 

Teeth of small size, long in proportion 
to the breadth, and pointed above; 
with a border sculpture near the apex. 



Trachodon (Pteroi)elyx) marginatus 
Lam lie. 

l*ten)pelyx grallipes Coix^ 



Trachodon ( I'teroj^elyx ) altidens 
Lambe. 



In this table Lam])e has omitted Traclwdon Irreviceps Marsh, which, 
as I have already remarked, is probably identical with T, selwyni 
Lambe. While in the Trachodontidae, the teeth from various parts of 
the jaw of the same individual var}^ greatly in the form and markings, 
and great care should be taken in determining or proposing species 
from teeth alone, the teeth have certain characters, such as have been 
pointed out h\ Lambe in the above table, by which they ma\% within 
certain limits at least, be distinguished specifically. Before accepting 
such dental characters as distinctive of the various species the cranial 
and skeletiil features associated with each should be determined. If 
those species founded on dental characters alone are valid, such char- 
actiU's will doubtless prove to Ix^ supplemented by other chai-acters. 

"Com. ('uiiudian I'al*ont.. vol. 3, pt. 2, p. 76, Tl. IV. 
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CIOHODON (CINODON) Cope. 

Clonodon (Cinodon) Cope, 1874, Bull. U. S. Geol. and Geog. Siirv. Terr., vol. 1, 
no. 1, p. 10. 

This genus is founded on detached teeth from the Laramie of 
northeastern Colorado. It was afterwards reported from the Judith 
River beds. It may be regarded as a genus based on insufficient mate- 
rial, and so poorly defined as to be indeterminable. 

CIONODOH 8TEH0P8I8 Cope. 
Cionodon atenopm Cope, 1875, Proc. Acad. Nat. Sci. Philadelphia, 1875, p. 9. 

This species is based on a maxillary and teeth from the Judith 
River beds near Milk River in Canada. According to Cope it is 
distinguished by the absence of a longitudinal keel on the lower part 
of the crown. It is quite probable that the present species is neither 
generically nor specifically distinct from some of the species of Trdcho- 
don mentioned above. 

DICL0NITJ8 Cope. 

Diclonins Cope 1876, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 253. 

This genus and three species — I), pentagonua^ D, 7><>r<77?(7?^/«/?/.y, and 
D. calamariiis — were proposed by Cope from shed teeth found scat- 
tered throughout the Judith River beds of Montana. The genus 
should be, and has very generally been, considered as a synonym of 
Trachodon. From Cope's descriptions of the t^eth referred by him to 
the various species mentioned above, it seems probable that more than 
one species were represented. In the absence of any figures, and 
considering the nature of the characters ascribed by Cope to the vari- 
ous species, it is doubtful if any of them are at present identifiable 
without access to the types, and since the latter seem no longer to be 
certainly determinable in the Cope collection, it would not be amiss to 
drop also the specific names referred to this genus. 

AVES. 
C0HI0SHI8 ALTV8 Marsh. 
Coniomis alius Marph, 1893, Am. Jour. Sci., 3d ser., vol. 45, p. 82. 

A single bird has been described from these beds. It was referred 
to the present genus and species. The type consisted of the distal 
portion of a tibia found near the base of the Judith River beds on 
Dog Creek, Montana. According to Marsh, its affinities are with 
Hesperomu^ a genus of toothed birds from the Niobmra chalk of 
Kansas. 
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NIATVITVIALIA. 

Thus far only two species of mammals have been described from 
the Judith River beds. These were referred to two genera, and both 
were described by Lambe from material collected by him in Canada. 

FTIIiODVS PBHUKYUS Lambe. 
PtiloduK primxvtis Lambe, 1902, Cont. Canadian Palseont, vol. 3, pt. 2, p. 79, PI. XV. 

This species is based on a fragment of a mandible with a first molar 
and fourth premolar in place. It is clearly related to, but somewhat 
more primitive than, Meniscoessiut canquistis Cope* from the Laramie 
of South Dakota. 

BOBEODOH MATUT11IU8 Lambe. 
Borewion mattUhim I^mbe, 1902, Cont. Canadian Palieont, vol. 3, pt. 2, p. 79, PI. XV. 

This species is founded on a single premolar from the Judith River 
beds of Canada, resembling in some respects the teeth referred by 
Marsh to the genus Stagodon^ from the Laramie of Converse County, 
Wyo. The jaw shown here in fig. 1 was found in the Judith River 
beds on the north side of Milk River, about half a mile below Meili 
Coulee and directly north of the red butte mentioned on page 60. It 
was found in place in a lens of rather hard, cross-bedded sandstone. 
Associated with it were remains of Trachodon and turtles. It is pro- 
visionally referred to the present genus and species^ although, from 
the absence of any teeth with which to make direct comparison, it is 
impossible to establish their identity. 





idf. 




Fig. 1.— Posterior i>ortion of right ramus referred to Boreodon matutinue Lambe. A, external view; 
li, internal: (', posterior: m, ma^sseteric fossa: tV^., inferior dental foramen. Natural sisc. 

The jaw is extremely heavy. While the coronoid process is imper- 
fect, it is sufficiently preserved to show that it was high and strong. 
The angle was inflected much as in modern marsupials. The masse- 
teric fossa was deep. The inferior denUil fommen is placed well back 
and opens far down on the floor of the inflected angle, as shown in 
fig. 1. There is no mylohoid or Meckelian groove. Unfortunately 
no teeth are preserved, though there are a numl>er of alveoli. The 
appearance of these alveoli suggests that there was a last, small, tuber- 
cular, single-rooted molar preceded by a double-rooted molar of mod- 

a Am. Naturalist, 1882, p. 830. b Am. Jour. Sci.. 3d ser., vol. 43, 1892, pi. 8, figs. 4, 5. 
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erate dimensions, while the preceding or first molar, assuming that 
there were three and only three true molars, was the largest of the 
series, as is indicated by its posterior root, which is still in place in the 
alveolus. It is laterally compressed and has the surface marked by 
faint striee similar to those seen on the root of the type of the species, 
though not shown in Laml:>e's figure. The jaw was broken through 
the anterior alveolus of this tooth, and that portion of the ramus 
anterior to this is wanting. 

SUMMARY. 

From the foregoing review of the known vertebrates from the 
Judith River beds it will be seen that, while the fauna is one of con- 
siderable diversity, most of the genera and species are at present 
known from such insufficient and fragmentary material that it has not 
been possible hitherto to properly define them. It thus happens that 
a coasiderable numl)er of genera and species that have been proposed 
for remains from these beds are not now determinable, and owing to 
the scanty material upon which not a few of these were originally 
founded it is quite impossible to refer to these with any degree of cer- 
tainty, subsequently discovered and more perfect material, and thereby 
to further define and describe them. This is true to a greater or lesser 
extent of all the Vertebrata of these beds, but it is especially applicable 
to the fishes, amphibians, and by far the larger portion of the reptiles, 
while the birds and mammals of Judith River times are at present 
known from such exceedingly scanty material as of themselves to offer 
almost no evidence of the character of the avian and mammalian life 
of those times. Our knowledge of the vertebrate fauna of these beds, 
now that their geographic distribution is known not to be so limited 
as had been previously supposed, will doubtless be greatly increased 
by more persistent collecting, aided by modern methods. At present, 
however, while we are in many cases unable to adequately define many 
of the genera and species, we know enough of the fauna as a whole to 
form a very good general idea of its character, and although we can 
not compare it closely with the related faunas of other horizons, yet 
enough is known of it to establish certain similarities and dissimilari- 
ties. These are especially pronounced in certain groups like the Cera- 
topsidee and the Trachodontidas, where there was already a high degree 
of specialization and where many of the different species are known 
from fairly satisfactory material. 

When considered in its entirety, the vertebrate fauna of these beds 
is remarkably similar to, though distinctly more primitive than, that of 
the Laramie. Almost or quite all of the Laramie types of vertebrates 
are present, though, as a rule, they are represented by smaller and more 
primitive forms. The similarity between this fauna and that of the 
Laramie contrasts strongly with the great dissimilarity between the 
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vertebrates of the eTudith River and those of the Atlantosaurus beds, 
the next older fresh-water horizon in this region, containing also a 
rich and varied vertebrate fauna, but <iuite distinct from that of the 
beds in question. 

The Dinosauria were the predominant v^ertebrates in Judith River 
times, and they, of all the vertebrates of these beds, afford the best 
basis for a comparison of the fauna of these deposits with that of the 
Laramie above and the fFurassic Iwuiow. The great group of Sauro- 
poda, which formed so conspicuous a feature of the animal life at 
the close of the Jurassic and the Iwginning of the Cretaceous, Ls 
entirely wanting. Among the Predentata the Stegosauria, which had 
formed so striking a feature among the Jurassic dinosaurs, have 
almost or quite disappeared and are replaced entirely by the quadru- 
pedal Ceratopsidffi and the bipedal Trachodontid». No unmistakable 
repesentative of the Stegosauria is certainly known from the Judith 
River beds. Pa1<e<}8cl.ncus^ referred to this suborder chiefly on the evi- 
dence of teeth alonCf may or may not pertain to the Stegosauria; while 
StereocepluduM appears to have been founded on. material belonging 
in part to the Crocodilia and in part to the Dinosauria. No evidence 
has as yet been produced to show that the large pointed shields 
described and figured by Lambe as pertaining to this genus may not 
have belonged to some member of the Theropoda or to the Ceratop- 
sidse. That they really belonged to one or the other of these is most 
likely, since very similar plates have been met with in the Laramie 
also. No vertebra? or shield plates like those known to have belonged 
to Stegosmirm are known from the Judith River beds. 

The Trachodontidaj had already attained to considerable diversity 
in Judith River times. Indeed, the}^ appear to have been more abun- 
dant, as regards both numbers of individuals and genera and species, 
than they were in the Laramie. Judging from the rather meager 
material at hand for comparison they were, however, somewhat less 
specialized, as is evidenced by such characters as the presence of four 
digits in the pes of Pteropelyx and the complement of teeth, which in 
the later Laramie forms seems to have been considerably greater than 
in the Judith River. 

It is in the Ceratopsidse more than in any other group that we are 
at present able to contrast the Judith River and Laramie forms. The 
chief ditferenc^es arc noticea]>lc in the skull, and more especiall^^ in the 
structure of the parietal crest and the comparative size of the supra- 
orbital and frontal horn cores. In the Lammie the supraorbital horn 
cores are always nmch larger than the nasal and the latter are fre- 
quently rudimentary, while in the Judith River beds conditions just 
the reverse prevail. In the l^aramie the huge parietal fontanelles so 
common in the forms from the Judith River beds are known only in 
the single rare genus ToroHaurtis, There is some evidence also that 
the teeth in some of the Judith River forma are only in the process of 
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assuming that method of replacement which is common in later repre- 
sentatives of the group, and by means of which the single root of the 
embryo tooth early becomes bifurcated. The primitive nature of the 
Judith River Ceratopsida% as compared with the Laramie, is especially 
seen in the f^mall^r size of the indimduals^ the lens perfectly deifeloped 
armature of the skidl^ and the imperfectly developed paristal crest. 

So little is at present actually known of the Theropoda of either the 
Laramie or the eTudith River beds that it is quite impossible to make 
anything like an adequate comparison between them. The group, 
however, is represented in both formations by quite similar forms, 
though differing perhaps both generically and specifically. The 
Theropoda in the Judith River beds show much greater diversity than 
do those of the Jurassic, and judging from the remains available they 
represent quite different types. 

Although much is desired in the way of better material before we 
shall be able to determine, even approximately, the character of the 
vertebrate fauna of the Judith River beds, enough is already known 
to suggest its diversity and to show that the fauna is similar to that 
of the Laramie and different from that of the eTurassic. The long 
period of time which had elapsed between the close of the deposition 
of the Atlantosaurus beds and the beginning of the Judith River was 
sufficient to accomplish a complete revolution in the vertebrate fauna 
of that region, though most of the later forms are clearly descended 
from the earlier. Scarcely a single vertebrate of strictly Jurassic type 
is found in this fauna, for, as mentioned above, Stereocephalus Lambe, 
referred by that author and by Osborn to the Stegosauria, appears to 
have been founded on a composite type containing remains pertaining 
l)oth to the Crocodilia and to the Dinosauria. The Dinosauria are not 
distinguishable from remains from the Laramie at present referred to 
the Ceratopsia, and the Crocodilia represent a group of crocodiles at 
present only known from the Judith River beds. 

Briefly , the tFudith River fauna, it isclear, isdescended from the Jui*as- 
sic and is the direct ancestor of the Laramie. Its relations with the 
former are not close, and several groups are absent in the one which 
are present in the other. Its relations with the Laramie are much 
closer, as should be expected, considering the stratigraphic position. 
With one or two possible exceptions all the families represented in 
either of these two later deposits are present also in the other. 
Although several genera and species now appear to be common to 
both these formations, it is probable that when more perfect material 
is available they wnll be found, in most instances, to be quite distinct, 
though some pertaining to more persistent types may prove to be 
identical. In every case where any group of the fauna has been 
studied from sufficient material it hjis been found to be represented 
by distinctly older and more primitive types than the related forms 
from the Laramie. 



INVERTEBRATE FAUNA. 

By T. W. Stanton. 

The invertebrate fossils of the Judith River beds have nearly all 
been adequately described and illustmted by Meek,* White,* and 
Whiteaves^ in previous publications. For the present purpose, there- 
fore, it will be sufficient to describe and illustrate a few new species 
and to give an annotated list of the others, with references to good 
figures. The systematic list will bo followed by a brief discussion of 
the character and relationships of the fauna and of the evidence it 
affords as to the conditions under which the formation was deposited. 

F»K LKC Y F^OE) A. 

08TBEA 8UBTBIOONALI8 Evans anjl Shnmard. 

Oiirea mbtriganalut Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 610, PL XL^ 
figs. la-Id. 

The species was originally described from the vicinity of Owl Butte, 
between Grand and Moreau rivers, South Dakota, from beds that are 
now supposed to belong to the Laramie. From the fact that the types 
have never been figured and that no one has since studied them or 
other material from the type area, it may be questionable whether the 
Judith River form which Meek described under the same name is 
really identical. Whatever the final decision on that point may be, 
the form figured by Meek is the most abundant and widely distributed 
of the Judith River invertebrates. In the exposures near the Missouri 
on Dog Creek, Birch Creek, and Cow Creek there is a bed from 1 to 2 
feet in thickness, at or very near the top of the formation, almost 
entirely composed of the shells of this species, with local acx^umulations 
of Corhieuhi cythetHfaninH^ and less abundant specimens of Qn^Jnila 
»uJ>trigo7wl!^^ Anom la (fryphtyt^hynehxiA^ and GtmiriboLsia coiivexa. The 

a Invertebrute CretaceouH and Tortiary foflsils of the upper Miflsouri country: Rept. U. S.Oeol. Surv. 
Terr., vol. 9. 187C, jip. r)09-5y2. pis. 42-43. 

ft Review of the nonniarine fosHil MolluNca of North America: Third Ann. Rept U. S. Geol. Survey, 
1883, pp. 411-550. 

<• Report on the Invertebrata of the Laramie and Crctaceoufl rock« of the vicinity of the Bow and 
Belly rivers and adjacent loenlities in the Northwest Territory: Cent. Canadian Palseont., vol. 1, 
pt. 1, 1H.H5. The Belly River [Judith River] 8i)ecieH are described on pp. 56-77. 
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same brackish-water fauna has a similar development at this upper 
horizon on Milk River in the neighborhood of Havre, especially near 
the mouth of Beaver Creek, 2 to 3 miles west of Havre, and at the 
head of Supenaw Coulee, on the north side of the river, 5 or 6 miles 
farther west. Ostrea avbt/rigonalis is reported by Whiteaves from 
about the same horizon at the mouth of St. Mary River and in Milk 
lliver Ridge, Canada, where the bed is referred to the " base of the 
shales of the Fort Pierre group." 

Ostrea svJttrigonalis also occurs in the upper part of the Claggett 
formation, on the north side of Milk River 4 miles west of Havre, 
Mont, and near Pendant d^Oreille, Canada, at both places associated 
with O. glabra^ with which it seems to be connected by intennediate 
forms. It is reported from the lower Laramie and from the *' Belly 
River " beds at several localities in Alberta and Assiniboia. 

08TBEA GLABRA Meek and Hayden. 

OtXrta glabra Meek, 1876, Kept. U. 8. Geol. Surv. Terr., vol. 9, p. 509, PL XL, figs. 

2a-2d. 
Ostrea glabra White, 1883, Third Ann. Rept U. 8. Geol. 8urvey, p. 421, Pis. IX-XI. 

The types of the species came from near the mouth of Judith River, 
but whether they occurred there in the Judith River beds or in the 
Claggett formation is not certainly known. In the present collection 
it was obtained from the upper part of the Claggett formation on Milk 
River 4 miles west of Havre, Mont., and in the neighborhood of Pen- 
dant d'Oreille, Assiniboia, and at the latter locality in the basal beds 
of the Judith River. Whiteaves reports it from several localities in the 
Canadian "Belly River" beds. It is also a very common species of 
the Laramie at many localities in the United States as well as in 
Canada, and apparently the same species occurs at several horizons in 
the Montana group. 

ANOXIA OSTFH0BHTH0HU8 Keek. 

Anomia gryphorhynchns White, 1883, Third Ann. Kept. U. 8. Geol. Survey, p. 422, 
PI. XII, figs. 12-15. 

The original locality is Point of Rocks, Wyoming, where the species 
occults in a horizon now known to be in the Montana group, and prob- 
ably not far from the horizon of the Judith River beds. It has also 
l)een recognized at Black Buttes, Wyoming;. Crow Creek, Colorado, 
and various other localities in the Laramie. The species is not uncom- 
mon associated with Ostrea svhtrigojialis near the top of the Judith 
River beds on Cow Creek, and near Havre, Mont., and at the base of 
the same formation or in the upper layers of the Claggett near Pend- 
ant d^Oreille, Assiniboia. It shows considerable variation in size and 
in the convexity of the upper valve. 
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AHOMIA MICSONEICA Keek. 

Anomia micronema White, 1883, Third Ann. Rept. U. S. Geol. Survey, p. 422, PL XII, 

figH.6^11. 
Ai\omia mifronema Whiteaves, 1885, Cont. Canadian Paleeont., vol. 1, p. 64. 

This common Laramie species has been reported by Whiteaves from 
the Belly River beds of South Saskatchewan, half a mile below the 
forks of Bow and Belly rivers. 

AYICULA NEBBA8CAHA Evani and Shnmard. 

Pteria {Oxytoma) nehrasmna Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 34, 

PI. XVI, figs. 5a, 5b, and PI. XXVIII, fig. 11. 
IHeria (Ojcytoma) iiehrascana Whiteaves, 1885, Cont. Canadian Palajont., vol. 1, p. 56. 

Whiteaves reports this species from the "Belly River" beds in Milk 
River Ridge, Alberta. It is a common form in both the Claggett and 
the Itearpaw formations, and may therefore be expected in the Judith 
River beds wherever a marine stratum occurs. 

MTTILVS SUBABCUATUS Keek and Hayden. 

MijtUus suhareii^ittis Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 69, Pl 

XXXVIII, figs. 2a, 2b. 
MytUiis mbarciutiua W^hiteaves, 1885, Cont. Canadian Palaeont., vol. 1, p. 66. 

The type is from Dog Creek, Montana, probably in the Claggett for- 
mation. Whiteaves reports it from the '* Belly River '^ beds on South 
Saskatchewan River 8 miles below Red Deer River, and our collections 
contain a single specimen doubtfully referred to the species from the 
top of the Judith River beds in Meili Coulee, 4 miles west of Havre, 
Mont. 

MODIOLA sp. 

Fragments of a species with rather coarse radiating sculpture were 
collected from the lower part of the formation on Milk River, near 
Pendant d'Oreille, Assiniboia, and from the upper brackish-water bed 
on Cow Creek, Montana, 13 miles above its mouth. 

CBENELLA PABVULA Whiteavei. 
Crenella parvula Whiteaves, 1885, Cont. Canadian Pal«eont., vol. 1, p. 67, PL IX, fig. 1. 

This species is known only from strata referred to the "Belly 
River" beds in Milk River Ridge, Alberta. 

nuuuLA sp. 

Imperfect specimens of an undetermined species of Nneiil<i were 
seen in a bed of friable siindstone containing other marine fossils on 
Cow Creek, Montana, about 7 miles above its mouth. The horizon is 
about 150 feet below the top of the Judith River beds. 

LEDA sp. 

An imperfect specimen of a large species, probably undescribed, was 
collected on Cow Creek at the locality and horizon last mentioned. 
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AHODOHTA PB0PAT0SI8 White. 

AnodorUa prfyp(Uariji White, ISaS, Third Ann. Kept. U. S. Geol. Survey, p. 429, PI. 

XIX, figs. 6-9. 

The types are from Judith River beds on Dog Creek and Birch 
Creek, Montana. This species is represented in our collections from 
the neighborhood of the original localities and also from Cow Creek, 
Willow Creek, and near Havre, Mont., and somewhat doubtfully from 
Sage Creek, Assiniboia. Whiteaves reports the species, with some 
doubt as to identification, from many Canadian localities. It seems to 
be confined to the Judith River beds, and ranges throughout the whole 
formation except the brackish- water and marine layers. It is usually 
preserved in the form of casts and no perfect specimens are known. 

AHODOHTA PASALLELA Whitel 

Anodonta parallela White, 1883, Third Ann. Rapt. U. 8. Geol Survey, p. 429, PL XIX, 

fig. 5. 

Whiteaves has reported one doubtful specimen of this Laramie spe- 
cies from the ''Belly River" beds on the South Saskatchewan 1 mile 
below the mouth of Bow River. 

UHIO 8UB8PATULATU8 Keek and Hayden. 

PL XIII, fig. 1. 

Vnio mbspatukUus Meek, 1876, Rept U. S. Geol. Surv. Terr., voL 9, p. 518, PL XLI, 

figs, la, 16. 

The type from near the mouth of Judith River has the outer sur- 
face exfoliated so that the beak sculpture is not retained and the beaks 
are made to appear somewhat nearer the anterior end than they actually 
are. On Milk River 2 miles below Pendant d'Oreille, Assiniboia, Mr. 
Hatcher collected many well-presferved specimens of a UniotheLtaeema 
to be referable to this species from a stratum containing Corbiday Cor- 
hicula^ and ModioUi^ near the base of the Judith River beds. Some 
imperfect specimens were collected at the mouth of Meili Coulee, on 
the north side of Milk River 4 miles west of Havre, Mont. 

It is a rather slender, compressed shell, with nearly terminal, incon- 
spicuous beaks and narrowed posterior end. The umbonal region is 
marked by a few distinct, undulating, concentric ridges, and the pos' 
terior umbonal slope bears two sharply elevated radiating lines that 
fade out about an inch from the beak. The shell is rather thin, and 
the teeth are correspondingly light. 
/ Similar beak sculpture is found in several Cretaceous species of 
Un!o^ such as U.vetustus^ U. priscus^ etc., but the general form and 
proportions of the shell are different. It is a much lighter, less con- 
vex shell, with more nearly terminal beaks than Unio danx and IL 
deweyanvsj with which it has sometimes been supposed to be identical. 
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UNIO PBISCnS Keek and Haydenl 

PL XII, fig 1. 

Unio priscus Meek, 1876, Rept U. S. Geol. Surv. Terr., vol. 9, p. 516, PL XUII, 
figs. SaSd. 

The type of this species is from the Yellowstone, 40 miles above its 
mouth, and presumably from beds of Laramie age. Meek also figured 
small specimens from Judith River, but it is somewhat doubtful 
whether they are really identical with the Yellowstone form which is 
represented in the National Museum collection by the single crushed 
specimen. All the specimens have an elongate form and beaks with 
strong concentric wrinkles, but those from Judith River and from the 
same formation on Milk River at Pendant d'Oreille, Assiniboia, and 
at a locality 5 miles south of Wild Horse Lake, on the Canadian bound- 
ary, have the posterior end somewhat broader and other slight dif- 
ferences in outline that may have specific or varietal importance. The 
specimen figured is from the locality last named. 

UHIO PBISCnS Tar. ABBBEVIATU8 n. var. 
PL XII, figs. 2-4. 

This variety has the general aspect and sculpture of Z7. priactis, with 
the strong concentric wrinkles on the beaks and two elevated radiating 
lines on the posterior uml)onal slope, but it differs in having the poste- 
rior end relatively much shorter and somewhat broader, and it is 
apparently somewhat more convex. The shell is rather thin and the 
hinge teeth are light. The specimens figured are from Milk River, 
about 5 miles south of Wild Horse Lake. 

UHIO DAH£ Keek and Hayden. 

Ihiio danx Met>k, 1876, Rept. U. 8. GeoL Surv. Terr., voL 9, p. 617, PL XLI, figs. 

3a-3c. 
Ihiio (leweyanus Meek, 1876, Rept. U. S. GeoL Surv. Terr., vol 9, p. 519, PL XLI, 

figs. 2a-2c, 

The specimens described under the two names cited above all came 
from near Judith, Mont., and the differences on which the two species 
arc based are due to the state of preservation rather than actual spe- 
cific chai'acteristics. None of the types shows all of the specific feat- 
ures fully, but those of U, diini^. give a better idea of the outline and 
general proportions, while those of U. diweyanvi^ show part of the 
surface and details of the hinge, though giving an erroneous impression 
concerning the form. Our collections contain many specimens evi- 
dentl}' belonging to one species, some of which agree with one of 
these t3^pes and some with the other. The species attains a much 
larger size than the types, and appjxrently Meek was right in describ- 
ing the l)eaks as unsculptured, in this respect differing from the form 
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which I have identified with Unio sitb^paMdatus. We collected it on 
Sage Creek, Assiniboia; on Milk River, near Havre; on Cow Creek, 
Dog Creek, and at other localities in the original Judith River area. 
Apparently the same species, or if not, a closely related one that can 
not be separated with the imperfect material at hand, occurs in the 
Laramie at Black Buttes and on Lance Creek, Wyoming, near the 
mouth of the Yellowstone, and elsewhere in Montana. It has also been 
reported from the Laramie of Alberta. 

TJHIO SUPEHAWENSIS n. ip. 
PI. XIII, figs. 2 and 3. 

Shell of medium size, obliquely subovate in outline, with relatively 
thick test and broad hinge plate; beaks very prominent, slightly 
incurved, very near the anterior end of the shell, and sculptured with 
distinct concentric wrinkles; the rest of the surface showing only 
ordinary lines of growth and very faint radiating striae, which probably 
are not visible except when the actual surface is slightly exfoliated; 
dorsal and basal margins forming very gentle regular curves; anterior 
margin slightly excavated above in front of the beak and broadly 
rounded below; posterior end somewhat narrowly rounded; shell very 
gently convex in the umbonal and median portions, but abruptly 
descending toward the front and dorsal margins; cardinal teeth large, 
very irregular in form, and strongly corrugated; posterior lateral well 
developed, elongate. 

Length of type, about 65 mm; height, about 55 mm; convexity of 
single valve, 22 mm. 

The only Cretaceous species at all resembling this are Unio prophet- 
icu8 White and U. proavitus White, both of which were described 
from the Laramie at Black Buttes, Wyoming, and may well be con- 
sidered as descendants of U, mipenaweiisw. The resemblance is closer 
with U. prophetlcus^ which is slightly smaller, with beaks nearer the 
anterior end, a more distinctly flattened band extending from the beak 
to the middle of the basal margin, more broadly rounded posterior 
end, and straighter basal margin. 

locality. — The types were found near the top of the Judith River 
beds at the head of Supenaw Coulee, about 10 miles northwest of 
Havre, Mont., where the species is common. Another specimen was 
obtained from near the same horizon on the north side of Milk River 
opposite Havre. 

UHIO CBTFTOBHTHCHirS White. 

Unio crypiorhynchuB White, 1883, Third Ann. Kept U. 8. Geol. Survey, p. 431, PI. 
XIV, figs. 6, 7. 

The types are from Dog Creek, Montana, and the species has been 
doubtfully identified in the Laramie at Black Buttes, Wyoming. 
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TJKIO 8ENECTU8 White. 

Unio senedus White, 1883, Third Ann. Kept U. 8. Geol. Survey, p. 432, PL XIX, 
figs. 1 , 2. 

From Dog Creek, Montana, and also reported by Whiteaves from 
the South Saskatchewan near the mouth of Bow River. 

UHIO PRIMAEVU8 White. 

Ihiio primaems White, 1883, Third Ann. Rept. U. S. Geol. Survey, p. 432, PI. XIV, 
figs. 4, 5. 

From Judith River beds near Cow Island, Montana. Also reported 
by Whiteaves from branch of east fork of Milk River, near the 
Canadian boundary. It occurs in our collections from Cow Creek 
and from Milk River 5 miles south of Wild Horse Lake. 

Some of the specimens apparently belonging to this species are very 
much larger and more elongate than the type. It is probable that 
the two specimens figured by White represent two species, and if so, 
the smaller one, whose outer surface is figured, should be considered 
the type. The exterior of the other specimen is in a very poor state 
of preservation, so that its specific characters are not clearly deter- 
minable. It may possibly be the same as U. priscus var. abhrematus^ 
described above. 

UHIO COHSUETUS Whiteavei. 

Unio consuetus Whiteaves, 1885, Cont. Canadian Paiseont., vol. 1, p. 59, PI. IX, 
figs. 4, 4a. 

Described from the *^ Belly River" beds of Alberta. Somewhat 
doubtfully identified in our collections from the Judith River beds at 
Willow Creek, Montana. 

UHIO 8UPBAOIBB08U8 Whiteaves. 

Unio mipragibboms Whiteaves, 1885, Cont. Canadian Palaeont., vol. 1, p. 66, PI. X, 
fig. 1. 

Types from South Saskatchewan near mouth of Bow River. Rep- 
resented in our collection from lower part of Judith River beds on 
Milk River 2 miles below Pendant d'Oreille, Assiniboia, associated 
with U. suhspatulatus, 

UHIO sp. 

There are several other species of Unio represented in ouj collec- 
tions by material too imperfect for satisfactory specific description. 
It is therefore thought better to await more complete collections. 
Several of the species already described, from the formation, are so 
imperfectly known that it is almost impossible to identify them, even 
by direct comparison with the types. 



STANTON.] INVERTEBRATE FAUNA. Ill 

SPOSRIUH PLAKITM Keek and Hayden. 

Sphssrium planum^ Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 526, PI. XLIII, 
figs. 6a, 66. 

This is one of the most common of the Judith River fresh-water 
species, occurring at many localities in the original area on Dog Creek, 
Birch Creek, and Cow Creek, and on Milk River from Havre to the 
Canadian boundary. The types came from near Grand Island, on the 
Missouri, below the mouth of Cow Creek, but they were at first errone- 
ously reported to have come from near Grand River, Nebraska. The 
species attains a size considerably larger than the figured type. A 
similar but not identical form occurs in the Laramie of Converse 
County, Wyo. 

SPOSRIUII BECTICABDIHALE Meek and Hayden. 

f^hsrrium recticardinale Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 527, PI. 
XLIII, figs. 3a, 36. 

The types are from the same locality as the preceding, and the 
species, though not so abundant, also occurs sparingly at nearly all 
the lo(»alities where S. planum is found. Large specimens are nearly 
half an inch in length. 

SPHSBIUM FOSMOSim Meek and Hayden 1 

Sphrrium formosumf Whiteaves, 1885, Oont. Canadian Palajont., vol. i, pp. 61 and 68, 
PI. IX, fig. 3. 

This form, from the Judith River beds of Alberta, is doubtfully 
referred to S, yar/nomini^ which was originally described from Laramie 
or Fort Union beds near the mouth of the Yellowstone. The Cana- 
dian shell may possibly be the young of one of the preceding species. 

C0BBIC17LA OCCIDEKTALIS Meek and Hayden. 

Corhkmla occiilentalis Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 521, PI. 
XL, figs. 6a-6<*. 

This form originally described from the badlands of the Judith, is 
less abundant there than C. cytheriforniu^ with which it is associated, 
but on Milk River near Pendant d'Oreille, Assiniboia, it is very com- 
mon near the base of the Judith River beds, where it is associated 
with specimens that are intermediate in chai*acter between these two 
nominal species. It was collected on Cow Creek and near the mouth 
of Birch Creek, Montana, and forms that are apparently not specif- 
ically separable occur in the Laramie of Wyoming and northwestern 
Colorado, as well as the "Western Laramie" of Canada. 

COBBICULA CTTHESIF0SMI8 Meek and Hayden. 

Corbicula cytheriformis Meek, 1876, Rept U. 8. Geol. Surv. Terr., vol. 9, p. 520, 
PI. XL, figs. 5a-6e. 

The remarks on the range and distribution of C occidentalis apply 
to this form also. It is locally very abundant in the brackish-water 
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bed at the top of the Judith River on Cow Creek and near the mouth 
of Birch Creek, and it also occurs on Milk River 3 miles west of 
Havre. Forms that have been refeiTed to the same species occur in 
the Montana group at Point of Rocks, Wyoming, and in the Laramie 
at Black Buttes, Wyoming, and at various points in Wyoming and 
Colorado, as well as in Alberta. The type of Corbicula represented 
by this and the preceding species may be said to range throughout the 
Upper Cretaceous, as similar forms are found in the Colorado group 
in Utah and in the Bear River formation in Wyoming. 

TELLIHA sp. 

A single specimen of a medium sized TeUina was obtained from the 
marine stratum 150 feet below the top of the Judith River beds on 
Cow Creek, Montana, 7 miles above its mouth. 

PAHOP£A SIMTTLATSIZ Whiteaves. 

Parwpaa mmdcUrix \f\i\t&Bi\eBy 1885, Cont. Canadian Palscont, vol. 1, p. 11, PI. II 
fig. 2, 2a. 

The types are reported from several localities in the "Western 
Laramie"' area of Canada, but it is possible that some of those locali- 
ties, if not all, are in the Judith River beds. We collected the s|)ecies 
on Milk River 3 miles west of Havre, and on Cow Creek 13 miles 
above its mouth. In both cases it was associated with the brackish- 
water forms at the top of the formation. 

LI0PI8THA (CTMSLLA) UNDATA Meek and Hayden. 

Liopistha (CymeUa) undaia Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 236, 
PL XXXIX, figfi. la, 16. 

Originally described from beds now known to belong to the Claggett 
formation near the mouth of the Judith, the species is also of common 
oc*currence in the Bearpaw shales, and it was found in the marine 
stratum 150 feet below the top of the Judith River beds on Cow Creek 
7 miles above its mouth. 

MACTBA WABSEHAHA Meek and Haydenl 

Macira (Ciimhophora) warrenana Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, 
p. 208, PL XXX, figs. 7a-7(f. 

A single specimen from the locality and horizon last mentioned is 
doubtfully referred to this Fox Hill species. 

MACTBA (C7MB0PH0BA) ALIA Keek and Hayden. 

Mactra (Ct/mbophora) olta Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 210, 
PI. XXXVII, fijrs. 2a, 26; Whiteaves, 1885, Cont. Canadian Palseont. vol. 1, p. 62, 

Whiteaves reports this species from the Judith River beds in the 
Milk River Ridge, Alberta. The occurrence may be in a local marine 
facies of the formation like that mentioned on Cow Creek, or it may 
be in the top of the Eagle formation, where it normally occurs. 
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C0BB17LA SUBTSIOOHALIS Meek and Hayden. 

Corbula siibtrigonalui Meek, 1876, Rept. U. S. (Jeol. Surv. Terr., vol. 9, p. 529, PI. 
XL, figs. 3a, 36. 

This species was first described from the brackish-water bed at the 
top of the Judith River formation in the typical area. It has since 
been recognized at manj'^ localities in the Western States and Canada, 
from the Benton formation to the Laramie. In our collections it was 
found most abundantly in the lower part of the Judith River near 
Pendant d'Oreille, Assiniboia, but it occurs sparingly wherever the 
brackish -water strata are found. 

At the locality on Cow Creek, 13 miles above its mouth, a greatly 
elongated variety occui's with the typical form. 

C0BB17LA PEBUNDATA Meek and Hayden. 

Corbula perurulata Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 528, PI. XL, 
figs. 4a-4d. 

Originally described from the same locality as the preceding, it also 
occurs with it at many localities on Milk River from Havre, Mont., to 
Pendant d'Oreille, Assiniboia, and elsewhere in that territory and 
Alberta. 

GASXEROF^ODA. 

NEBITIHA sp. 

VelaUlla baptitia (White) ViThiteaves, 1885, Cont. Canadian Palaeont, vol. 1, p. 73. 
Not Neritina ( VelaUlla) baptistn White, 1880, Twelfth Ann. Rept. U. S. Geol. and 
Geog. Surv. Terr., p. 89, PI. XXIX, figs. 6a, 66. 

Specimens from Milk River near Pendant d'Oreille, in the neighbor- 
hood of some of Whiteaves's localities, on direct comparison with the 
types of Neritina haptista from the Laramie at Black Buttes, Wyo- 
ming, prove to be different in both form and color pattern, but the 
material in hand is not sufficient for specific description. 

LUNATIA ip. 

A small specimen of an undetermined species was collected with the 
other marine fossils 150 feet below the top of the Judith River forma- 
tion on Cow Creek 7 miles above its mouth. 

VIVIPABV8 COHBADI Keek and Hayden. 

VivijKirm conradi Meek, 1876, Rept. U. 8. Geol. Surv. Terr., vol. 9, p. 597, PI. XLII, 
tigs. 16a-15d. 

This species was originally described from near the mouth of Judith 
River. We found it locally abundant near the top of the Judith 
River formation on Cow Creek, and Whiteaves reports it from a num- 
ber of localities in Canada. It has been erroneously reported to occur 
in the Bear River formation. 

BulL 267-05— « 
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YIVIPABUB sp. 

Imperfect specimens representing at least two or three species were 
found at a number of localities on the Missouri and on Milk River, but 
they were too much distorted and crushed for specific description. 
These forms seem to be closely allied to Laramie species, but appar- 
ently not identical with them. 

CAMPELOMA VXTULA Meek and Hayden. 

Campeloma veiula Meek, 1876, Rept. U. 8. Geol. Surv. Terr., vol.9, p. 687, PI. XLIV, 
figs. 14a, 146. 

Described from the Judith River area. We found it most abundant 
and beautifully preserved in the upper part of the Judith River for- 
mation near the head of Supenaw Coulee, about 10 miles northwest of 
Havre. The specimens obtained here are clearly referable to C, vetula^ 
though they are also very much like the typical form of (7. mvltili- 
neata from the Laramie. The slight diflferences pointed out by Meek 
hold good, except that some of our specimens are slightly unbilicated, 
and these diflferences are probably of specific importance in spite of 
the fact that specimens not in a good state of preservation may be 
difficult to classify. The common Laramie form of C. multilineata 
with shouldered whorls is very distinct. The Laramie specimens 
from Black Buttes, Wyoming, and elsewhere, that have been referred 
to C. vetula^ so far as I have been able to reexamine them, are too 
imperfect for positive identification, and may well belong to C. 
multilinmta. 

At least a part of the specimens from the Canadian Judith River 
beds referred to C inidtUineatu hy Whitcaves probably belong to (7. 
vetul<i, 

CAMPELOMA MULTILIKEATA Meek and Hayden. 

Qimpehma muUilineata Whiteaves, 1885, Cont. Canadian Palseont., vol. 1, p. 77. 

See remarks under C. vetnla^ above. No specimens referable to this 
species have been found in the Judith Riverbeds of Montana, but it is 
one of the most common Laramie species, ranging probably as high as 
the Fort Union. 

CAMPELOMA FBODUCTA White. 

Oimpdoma profiucta Wh'itt^, imS, Third Ann. Kept. V. S. Oeol. Surv., p. 469, PI. 
X XVI, figs. 21-27; Wliiteaves, 1885, Cont. Canadian Paheont., vol. 4, pp. 24, 28, 77. 

This is also a Laramie species that has not been found in the Judith 
Kivor beds of the United States, hut has been reported by Whiteaves 
from both the Laramie and the «Iudith River of Canada. 
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YALVATAI MOHTAHAEMIB Meek. 

Valvata? monlanciensis Meek, 1876, Kept. U. S. Geol. Surv. Terr., vol. 9, p. 591, text 
figs. 81-83. 

Described from mouth of Judith River. Represented in our col- 
lections from two localities on Cow Creek. 

HTDBOBIA BTTBCOHICA Meek. 

Hydrobia subconica Meek, 1876, Kept. U. S. Geol. Surv. Terr., vol. 9, p. 673, text 
fig. 77. 

Mouth of Judith River. 

HTDBOBIA BVBCTLINDBAGBA Whiteaves. 

Hydrobia mbcylindracea Whiteavos, 1886, Cont. Canadian Pala^ont., vol. 1, p. 76, PI. 
X, fig. 8. 

Type from Belly River e^ist of Driftwood Bend. Whiteaves also 
reports the species from Milk River near Pakowki Coulee, and we 
collected it at Pendant d'Oreille, near the latter locality, where it was 
associated with Ctyrhula svhtrigonalis^ C. perundata^ and Rhytophorus 
glaher^ near the base of the Judith River beds. 

MBLAiriAl WHTTSAYEBI n. sp. 

PL XIII, fig. 6. • 

Melania innculpla (Meek) Whiteaves, 1885, Cont. Canadian Palseont., vol. 1, p. 73, PI. 

X, fig. 6. 
Not Melania imculpta Meek, 1873, Sixth Ann. Kept. U. S. Geol. Surv. Terr., p. 516. 

Shell of moderate size and rather robust form; whorls moderately 
convex, with the suture between them deeply impressed; surface 
marked by rather narrow, elevated, revolving striae, of which about six 
arc visible on the spire,, and by broader, more distant, curved ribs, 
which are more or less nodose at the intersections with the revolving 
lines. There are fifteen ribs on the last whorl of the specimen figured, 
which is considerably more strongly sculptured than the average. 

Height, with apex restored, about 40 mm.; breadth, 13 mm. 

The specimens studied show much variation in the strength of the 
sculpture, with every gradation from the nearly smooth forms like that 
figured by Whiteaves to the one illustrated here. The species differs 
from M. insculpta in the form of the whorls and in all the details 
of sculpture, both the ribs and the spiral lines being more distant and 
less regular. 

Some of the more strongly sculptured specimens of Goniobasis convexa 
M. & H. approach this form rather closely, and it is probable that they 
are related. Both are always found associated with brackish-water or 
marine species. The figured specimen of M. whiteavesi was obtained 
from near the base of the Judith River beds on Milk River 6 miles 
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below Pondaiitd'*Oreille,As.siiiilx)iH, anditwas collected at several other 
localities near there, at one point ranging down into the top of theClag- 
gett formation. Whiteaves reports it (under the name J/] inscnlj>ta) 
from the same neighborhood, but his figured specimen is from the 
South Saskatchewan miles below the mouth of Bow River. 

G0NI0BABI8 CONVEXA Meek and Hayden. 

Goniohasis convcxa Meek, 1875, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 562, text figs. 
71, 72, and PI. XLII, lipj. 2a, 26. 

Described from mouth of Judith River. Represented in our col- 
lections from Milk River near Havre, associated with (htrea^ Anomia^ 
and other brackish-water forms at the top of the Judith River beds. 

GOinOBASIS COHYEXA var. IMPBE8BA Meek and Hayden. 

Goniohasis amvexn var. impretwti Mei^k, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 
563, PI. XLII, figs. 2r, 2(/. 

Occurs with the preceding at the tyi>e loi^ality and in the brackish- 
water bed at the top of the formation on Cow Creek. 

G0NI0BA8I8 SUBLSVIS Meek and Hayden. 

GoniolHu'iH miblfvvis Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 567, PI. XLII, 

liga. 5«, hh. 

T3^pes from the fresh-water beds near the mouth of Judith River. 
Common on Cow C-reek and Willow Creek, and along Milk River 
from Havre, Mont., to the Canadian boundary. 

G0HI0BA8I8 IKYEHUSTA Meek and Hayden. 

Goniohasis inveyiusta Met^k, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 564, PI. XLII, 
figs. la-1*'. 

Occurs with the preceding and is somewhat more abundant, being 
found at most localities where fresh-water fossils occur in the Judith 
River beds, as far north as Pendant d'Oreille, Assiniboia. 

G0NI0BABI8 GRACILEHTA Meek. 

Goiiiohnsis (/ntcilintu Mock, 1876, Rept. U. S. (ieol. Surv. Terr., vol. 9, p. 568, text 
% 74, iind PI. XLII, fijr. 3. 

This species was found at the mouth of Judith River. It has also 
been reported from the Laramie at a number of localities in Wyoming 
and Colorado, but the state of preservation of all these specimens, as 
well as of the types, is such that their specific identity is doubtful. 

00NI0BASIS1 OMITTA Meek and Hayden. 

(inninhimA.^ omiWi Mi^vk, 187(), Hoj)!. V. 8. (reol. Surv. Terr., vol. 9, p. 668, PI. XLII, 

ligs. 4<i-4('. 

Mouth of Judith River. 
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OOHIOBABIS 1 SUBTOBTUOSA Meek and Hayden. 

Gonioboiis f subtortuosa Meek, 1876, Kept. U. S. Geol. Surv. Terr., vol. 9, p. 569, text 
figs. 75, 76, and PI. XLII, figs. 17rt, I7b. 

Described from uear the mouth of Judith River, this is one of 
the most characteristic of the fresh- water species found in the forma- 
tion. It has been collected at many localities in the original area, and 
along Milk River above Havre, Mont. Whiteaves reports it also from 
the South Stiskatchewan, l^)w, and lielly rivers in Alberta. 

G0NI0BA8I8 JITDITHENSIS n. sp. 
PI. XIII, fig. 4. 

Shell of moderate size, stout, consisting of seven or eight very con- 
vex whorls; aperture very slightly produced below; surface marked 
by narrow, sharply elevated revolving lines, of which four to six are 
visible on the spire, separated by broader, flat bands which bear numer- 
ous minute revolving striae, and crossed by very fine growth lines. 

Height of an average specimen, 22 mm. ; breadth, 13 nun. 

This species is probably the ancestor of Gfyfiioha^is teiiuwarinata 
M. & H., from which it differs in being larger, with more robust form, 
and with more narrow, more evenly distributed, and somewhat less 
prominent revolving lines or ridges. 

It is common in the fresh-water beds of the Judith River on Dog 
Creek and at other locjilities near Judith, Mont., on Cow Creek, 
and on Milk River from Havre to the Canadian boundary. The fig- 
ured specimen is from Simpson's ranch, on Milk River about 10 miles 
south of the boundary. 

BHTTOFHOBUS 1 GLABEB Whiteaves. 

Rhytophorusf gkiber Whiteavee, 1885, Cont. Canadian Pala?ont., vol. 1, p. 69, PI. X, 
figs. 4, 4«-4c. 

This peculiar little species, originally reported from a number of 
widely distributed points in Alberta and Assiniboia, we collected only 
from the bnickish laj'ers near the base of the formation on Milk River 
in the neighborhood of Pendant d'Oreille, Assiniboia. 

HELIX YETUSTA Xeek and Hayden. 

Helix retusta Meek, 1876, Kept. U. S. (leol. Surv. Terr., vol. 9, p. 552, PI. XLII, figs. 
7(iy lb. 

Mouth of Judith River. 

HTAUHAI EYAHSI Xeek and Hayden. 

Hyalinaf ewn^/Meek, 1876, Kept. U. S. Geol. Surv. Terr., vol. 9, p. 548, text figs. 68-70. 

Mouth of Judith River; also in our collections from Cow Creek 
and at various points on Milk River from Havre to the Canadian 
boundary. 
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HTALIKA1 OCCIDENTALIS Meek and Hayden. 

Hyalinaf oecidentalu Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 647, PL 
XLII, figs. 6a-6//. 

Somewhat more common than the preceding species and with the 
same geographic distribution. 

THAUMABTUS LDOrflFOKMIS Meek and Hayden. 

Thaumaaitu^ limnsnfonnis Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 553, 

PI. XLIV, figs. 8a-8rf. 
niaumastu9 limnveiformis Whiteavea, 1885, Cont. Canadian Palaeont., vol. 1, p. 72. 

Originally described from Laramie or Fort Union lieds near the 
mouth of the Yellowstone, and, so far as known, doas not occur in 
lower horizons in the United States. Whiteaves reports the species 
from both the Laramie and the Judith River in Canada. 

YITBIKAI OBLIQUA Meek and Hayden. 

Viirina f obliqua Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 546, PI. XLII, 
figs. 10a, 106. 

Mouth of Judith River. 

PLAHOBBIB (BATHTOMFHALUS) AMFLEXUS Meek and Hayden. 

PlaiwrHn {Bathyomphahis) amplexiM Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 
9, p. 539, PI. XLII, figs. 16a-16«f. 

Near mouth of Judith River. Represented in our collections from 
the same region and also from Cow Creek and on Milk River near 
Havre. 

PLAHOBBIS PAUCXVOLYIB Whiteavei. 

Planorhis paucivohns Whiteaves, 1885, Cont. Canadian Palaeont. vol. 1, p. 71, PL X, 
fig. 5. 

From Judith River localities on Belly River and South Saskatche- 
wan, Alberta. 

PHT8A COFEI White. 

Phym copei White, 188:^, Third Ann. Rept. U. S. Geol. Survey, p. 450, PI. XXV, 
figs. 1, 2. 

Described from Judith River beds near Cow Island, Montana. The 
species is represented in our collections from Cow Creek, Dog Creek, 
and from seveml localities on Milk River from Havre to the Canadian 
})ouiidary. Whiteaves reports it from many localities in both the 
Judith River and the Laramie of Alberta. 

BULIinJS SUBEL0HGATU8 Meek and Hayden. 

Buliynts suhf/oiujahis Meek, 1876, Rept. U. S. Geol. Surv. Terr., vol. 9, p. 540, PI. 
XLII, 1^8. i;^/, l.U. 

Mouth of Judith River. 
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BVLIinJS ATAYUS White. 

BuHnu^ fUnrns White, 1888, Third Ann. Kept. U. S. Gool. Snn'ey, p. 450, PI. XXV, 
fip». ♦>, 7. 

Des(*ril)ed from Door Creek, Montana. Found also sjiarin^ly on 
Milk River near Havre. 

ce:f>halof>oda. 

PLAGBHTIGBSAS sp. 

Some fragments of a PluceiiticeroH were seen in the marine stratum 
150 feet below the top of the Judith River l)eda on Cow Creek 7 miles 
above its mouth. Like the other purely marine fossils found here, 
this ammonite does not really })elong to the Judith River fauna, but as 
it occurs within the stratigmphic limits of the formation it is woilhy 
of mention. 

• 

INBECTA. 

Associated with the plants collected on Willow Creek 10 miles north 
of Musselshell post-office a single wing of an insect was found which 
has been identiiied by the entomologists of the United States National 
Museum as l)elonging to a cockroach. 

GFiNKRAIi COMMENTS ON THK INVERTEBRATE FAITNA. 

The species enumerated in the above list fall into the three general 
categories of marine, brackish- water, and fresh-water forms, the latter 
including a few more of less doubtful land shells. 

As the Judith River is essentially a nonmarine formation, strictly 
speaking its fauna should not be made to include the species cited 
belonging to Avicula^ Crenella^ Nxicula^ Leda^ TeUinn^ Liopistha^ 
Mnctra^ Lunatia^ and Placentioeras^ which were brought into the Judith 
River area by a local, temporary invasion of pure marine waters. In 
our field studies we saw only one occurrence of this kind, and that 
was on Cow Creek, Montana, where, as already described, the evidence 
seems clear that the marine beds are on the same horizon and strictly 
contemporaneous with fresh- and biuckish-water beds in the same 
neighiiorhood. There is no mixture of nonmarine with the marine 
inv(»rtebrates, but in an overlying stratum marine and land vertebrates 
are found commingled. The marine invertebrates found here belong 
to the faunas of the underlying and overlying formations. 

The few marine fossils reported by Whiteaves from the Judith 
River beds in Canada may indicate a similar occurrence there, or pos- 
sibly there has been an error in identifying the formation from which 
they came. With these exceptions no strictly marine fossils are 
known from the main mass of the Judith Kiver beds, but at the base 



120 THE JUDITH RIVER BEDS. [bull. 257. 

and the top there is ample evidence of continuity with the underly- 
ing and overlying marine formations. In many cases the lithologic 
change is not exactly coincident with the faunal change, so that the 
topmost Ia3^er8 containing the Claggett fauna and the lowest beds con- 
taining the Bearpaw fauna often closely resemble the Judith River 
beds in lithologic features. 

The brackish-water fauna has a wide geographic distribution, occur- 
ring in practically every area in which tlie Judith River formation is 
found, but it is confined to thin ))eds intercalated in the upper and 
lower portions of the formation. On Milk River near Pendant 
d'Oreille, southern Assiniboia, these layers with bnu^kish- water shells 
are unusually well developed near the base of the formation, and there 
are seveml intercalated bands extending up about 100 feet above the 
base. The individual beds are usually not more than 1 or 2 feet in 
thickness and the intervening strata contain fresh-water invertebrates. 
Farther south, near Havre, and in the area along the Missouri, brackish- 
wattn- bands are seldom found in the lower part of the formation, but 
in the upper 25 feet there is a very persistent oyster bed, varying in 
thickness from 1 to 4 feet, closely associated with a heavy bed of lig- 
nite. In some places there are two or three of these brackish-water 
beds close together near the top of the formation. According to the 
Canadian reports, an oyster bed occurs at about this horizon in many 
places in Alberta. 

The following species are confined to the brackish- water layers: 

Species confined to brackish-water layers of Judith River formation 



Corbula perundata. 

Panopsea simnlatrix. 

Rhytophorus glaber. 

Neritina sp. 

Melania? whiteavesi. 

Goniobasis convexa. 

Goniobasis convexa var. impreesa. 



Ostrea Bubtrigonalie. 
Ostrea glabra. 
Mytihis sp. 
Mcxliola sp. 

Anomia gryphorhynchus. 
Corbiciila ooddentalis. 
Corbiciila cytheriformis. 
Cor])iila subtrigonalis. 

The species of Corhula^ Corbiciila^ and a few of the others apparently 
ranged into nearly fresh waters, as the}' are sometimes found associated 
in the same layer with abundant specimens of Unio and Campeloiaa^ 
while the oyster beds represent more nearly marine conditions which 
did not permit the mingling of purely fresh-water forms. The three 
forms of gasteix)pods in this list, doubtfully referred to Melania and 
GouiiphU'Sis^ occur in the oyster beds. It is noteworthy that the Lara- 
mie species, Nvlania? myomimjensiH and M,? iuMculjda^ also occur 
with brackish -water fossils, and the former has been found with marine 
associates in the upper layers of the Fox Hills. 

By far the most abundant of the brackish- water forms is Ostrea mib- 
iri(jou(tlii<^ which could probably furnish more individual specimens 
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than all the reat of the Judith River fauna together. Next to it in 
abundance are the species of Corbula^ Corhicula^ and Anomia^ but their 
distribution is much more local and irregular. Onirea glabra and a 
variety intermediate between it and O. subttn^onalis are locally 
abundant, but the differences between these oysters are chiefly in the 
size, and the relationship between the different forms seems to be 
analogous to that between the local and commercial varieties of Ontrea 
virginica. 

The five forms of Gasteropoda enumerated in our brackish-water 
list all appear to l>e confined to the Judith River beds, and the brackish- 
water faunule as a whole has a distinctive facies that is not exactly 
duplicated elsewhere, and yet when the comparison is made species 
by species almost all the other forms are represented in the Laramie 
by similar if not identical species, and some of them are represented 
in other formations as low as the (yolorado group. In fact, they are 
persistent types that mnge throughout the Upper Cretaceous, and 
forms similar to some of them exist in the present seas. It is obvious 
that such species can not be safely used singly in correlating over 
great distances, but within limited areas, when comparison is made with 
an entire assemblage of forms and checked by stratigraphic observa- 
tions, their evidence is often to be depended upon, and is as convinc- 
ing as any other paleontologic evidence. When full collections 
are compared it will usually be easy to distinguish between Judith 
River and Laramie from the brackish-water fossils alone, but if the 
collections are meager and fragmentary it may not be practicable to 
do so. This remark is based on experience with the two faunas in the 
United States. Comparing the oysters, in the Laramie the large 
Ostrea glabra is the common form, while in the Judith River O. suh- 
trigonalis is by far the most abundant and most widely distributed. 
Corhicula also has a different development in the Laramie, the type 
repi'esented by C. occidentalis and C, cytheriformis being compara- 
tively rare, while there are many other species that are nmch more 
abundant. In Canada the lists of brackish-water fossils from the 
" Western Laramie," as given by Whiteaves, include practically all 
of the Judith River forms, and indic-ate that the two faunules are 
indistinguishable. On examining the descriptions of the localities at 
which these fossils were collected it is found that in the majority of 
cases the strata have steep dips or show other evidence of much dis- 
turbance, suggesting the possibility that the fossils in question may 
have really come from the Judith River instead of the Laramie. 
Another explanation, which is perhaps as reasonable, is that the Judith 
River brackish-water Mollusca really persisted in the far northwest to 
Laramie time as a continuous and practically unchanged faunule, while 
in the United States the break in continuity and resultant necessary 
migrations caused greater modification. 
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After removing from our list of species the few sporadic marine 
forms and those that are confined to the brackish-water bands in the 
upper and lower portions of the formation, there still remains a much 
larger number of fresh-water and land species of MoUusca. These 
characterize probably more than nine-tenths of the total thicknes8 of 
the formation, though of course they are not uniformly distributed 
through it. Mention has already been made of the fact that Unios 
and other fresh-water shells are occasionally found in actual associa- 
tion with bi'ackish-water species such as Corhula^ Neritina^ and 
Covhicnlii^ but as a rule they are in distinct beds, even in the upper 
and lower parts of the formation, while' the middle 300 or 400 feet 
contain none but fresh-water and land Mollusca, associated with 
vertebrates of similar habitat. 

A considei*ablc number of the fresh -water and land species are not 
found outside of the formation. A few apparently occur in the Lara- 
mie also, and others are represented in the Laramie by similar forms 
that are doubtless their direct descendants. Taken as a whole, the 
Judith River fauna is distinguished from that of the Laramie by the 
presence of many characteristic species that do not occur in the higher 
formation and by the absence of many of the most common and 
striking of the Laramie forms. 

This difference is sufficiently conspicuous to have been recognized by 
all paleontologists who have studied the faunas, even when the forma- 
tions were supposed to be nearly or quite contemporaneous. 

In the systematic list, under the specific headings mention has been 
made of the fact that ceilain Judith River fresh-water species appar- 
ently recur in the Laramie and that others are represented there by 
forms so similar that they may be considered their direct descendants. 
We may cite as conspicuous examples of the first class JJnio dan<B^ 
TJ, prisons^ U, o'ypU/rhynchnSy and Ooniohdsis grddlenta^ and of the ^oc- 
ond cIass U. mipenawensis J Sphxrium planum^ Campdomavel/ula^ Gonio- 
hcuiis jiidithenms^ and Physa copei. These, however, form a compara- 
tively small proportion of the fauna, and there is a much larger list of 
forms that have not been recognized outside of the Judith Riverbeds, and 
at least one form, GontohaHuf auhtorttioaa^ conspicuous on account of 
its peculiar specific characters and wide distribution, has no near rela- 
tive in the Laramie. On the other hand, there is an absence of many 
of the peculiar types of Unio and of such conspicuous forms as Vim- 
jyariis trochifornns and TuhAoma thoDipsoni^ common in the Laramie. 

Taken as a whole, the fresh-water faunas of the Judith River and 
the Laramie are somewhat more distinct than the brackish-water 
faunas of the same formations, and with fairly complete collections it 
should not be difficult to distinguish them in the laboratory. 

From the facts that have been stated concerning the distribution of 
the different kinds of invertebrates within the Judith River beds, we 
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may reach some conclusions as to the conditions under which the 
deposits were found, for these animals were inhabitants of the waters 
in which the sediments were laid down, and they give clear testimony 
concerning the character of the waters and their relations with the sea. 
It is evident that after the deposition of the Claggett formation a con- 
siderable area in north central Montana and in Alberta and Assiniboia 
emerged from the sea and became the habitat of land and fresh-water 
animals. Since there was no obvious break in the sedimentation, it is 
probable that the larger part of the area was covered by low-lying 
swamps and lagoons. For some time there were slight oscillations that 
occasionally for brief intervals brought large parts of the area down to 
sea level and gave the lagoons sufficient connection with the ocean to allow 
the growth of oysters and other brackish-water forms over areas that 
had been occupied by fresh waters. Then for a longer period, during 
which 300 or 400 feet of sediments were formed, there was no connec- 
tion with marine waters, though it is not probable that the area was 
ever very many feet above tide. During this epoch the general 
upward movement was reversed, and when the subsidence progressed 
more mpidly than deposition connection with the sea was soon again 
established, bringing in, first, brackish waters with their oyster beds, 
over nearly the entire area, with probably local bays and straits hav- 
ing more open and direct oceanic connections, such as is indicated by 
the occurrence of marine fossils in the Judith River on Cow Creek. 
Finally marine conditions were fully established over the entire area, 
so far as known, and continued during the deposition of the Bearpaw 
shales. 
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FOSSIL PLANTS OF THE JUDITH RIVER BEDS. 



By F. H. Knowlton. 



DESCRIPTIONS OF SPECIES. 

FEBHB. 

PI. XIV, fig. 1;P1. XV, tig. 7. 

Aside from the species below described as 0»ntunda montanensis^ 
the collection contains minute fragments of two other evidently quite 
distinct ferns, upon which I have not ventured to bestow even generic 
names. The first of these, shown on PI. XIV, fig. 1, is a fragment of 
what appears to be the extreme tip of a pinnule of an apparently very 
delicate fern. It is cut into several rounded lobes which are slightly 
decurrent along the stem or rachis. One of these, together with the 
terminal lobe, appears to have been toothed, but this is obscure. The 
frond seems to have been thick, and is apparently covered with minute 
papillae. The nervation can not be made out satisfactorily. This frag- 
ment suggests the terminal portion of a pinnule of some of the lip 
ferns, Ch^ilanthes^ but the material is not sufficient to warrant even 
generic determination, and it is only mentioned in the hope of calling 
attention to it in future. 

On the same piece of matrix there are fragments of the terminal 
portions of several small pinnules, each being cut into several rela- 
tively strong lobes. The nervation is obscurely preserved, but appears 
to be only once forked. Its relationship is not apparent. It is shown 
on PI. XV, fig. 7. 

OBMXnrDA XOKTAKEirBIB n. ip. 

PI. XIV, fig. 6. 

Shape of frond unknown; pinnule linear-lanceolate, obtusely wedge- 
shaped at base, rounded at apex; margin obscure, but apparently finely 
and sharply serrate; midrib strong, straight; nervation strong, aris- 
ing at an acute angle, forking in an almost dichotomous manner three 
or exceptionally four times, the ultimate branches entering the sinuses 
between the marginal teeth. 

129 
BuU. 267—05—9 
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Unfortunately this species is represented by a single pinnule onl}', 
which is linear or slightly linear-lanceolate in shape, with a very 
obtusely wedge-shaped base and a somewhat narrowed and rounded 
apex. The length is 22 mm. and the width about 7 mm. The margin 
is not very well preserved, but so far as can be made out it is finely 
and sharply serrate. The nervation as described above is well shown 
in the figure. 

Among the few known living species this pinnule agrees most closely 
with those of Osmunda regalu^ the well-known and widely spread 
Royal fern; in fact, the agreement is so close that with the limited 
material available it is impossible to note any essential difference in 
size, shape, marginal dentation, and nervation, the resemblance extend- 
ing even to the ending of the ultimate nerve branches in the sinuses. 
But as we have no knowledge as to the shape of the whole frond, and, 
moreover, as the geologic horizon whence this comes is so remote 
from the present time, I have hesitated, even though the resemblance 
is so close, to regard it as a fossil representative of the living species. 
It is hardly to be presumed that a species could come down from the 
Cretaceous to the present without change. Additional material is 
much to be desired. 

Some half a dozen fossil species of Omnunda have been descril)ed 
from North America, ranging in age from the Potomac to the Ek>cene. 
The Potomac species described by Fontaine^ may be dismissed at once, 
as they do not suggest the present form in the least. The species 
approaching it most closely in size is (huiunda ohergiana Heer* from 
the lower Atanekerdluk beds of Greenland, but t^his differs in having 
entire margins and only once-forked nerves; in nervation ours is nearest 
to O, doro8chkiana GOpp. ^ (the O. torreUi of Heer and Lesquereux), 
from the Miocene of Sachalin, but the size and margin are not in 
accord. Osmundites skidegatenms of Penhallow,*^ from the Lower 
Cretai^eous of Skidegate Inlet, Queen Charlotte Islands, has the pin- 
nules too fragmentary to admit of satisfactory comparison. 

Locality, — Willow Creek, Fergus County, Mont., about 12 milo^ 
north of Musselshell post-oflice and 1 mile cast of road from Junction 
City to Fort Magi nn is. 

CTPEBACITE8 ap. 

On several pieces of matrix there are fragments of narrow grtjss- 
like or sedge-like leaves that require at least to be mentioned, although 
they are not of sufficient size or well enough preserved to be of any 
value. The longest fragments are under 6 cm. in length and show a 
width of o or 4 mm., and are provided with numerous close, parallel 

a Pok»mrtc flora: Moii. U. S. Geol. Survey, vol. 15, 1889, p)i). 146-147. 

h Fl. Foss. Art t., vol. 3. pt. 2, PI. XXVI. figs. 9-96. 

'Op. cit.. vol. -). pt.3, PI. I. lig.4. 

<i T^an^. Roy. Soc. Canada, vol. 8, sec. 4, pp. S-29. 
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veins. They have not been figured, as they are too characterless to be 
of value. 

Locality. — Willow Creek, Fergus County, Mont., about 12 miles 
north of Musselshell post-oflice and 1 mile east of road from Junction 
City to Fort Maginnis. 

BEaUOIA SEICHENBAGHI (Oeinits) Heer. 
PI. XIV, figs. 3-6. 

This is by far the most abundant form in the collection, there 
being hundreds of specimens, while there is hardly a piece of matrix 
that does not show it in greater or less profusion. It is present 
from large branches nearly 2 cm. in thickness, from which nearly all 
the leaves have fallen, to great clusters of branchlets and even those 
just unfolding, and in one or two instances there are branchlets show- 
ing the male aments in a good state of preservation. I have selected 
for illustration a few to show the range of size and appearance. 

Unfortunately this species is of little value in fixing age within 
narrow limits, as it is of almost world-wide distribution within the 
Cretaceous. In this country it occurs very abundantly in the Potomac, 
and has been reported in greater or less abundance and with greater 
or less degree of certainty in the Kootenai of Great Falls, Mont. , the 
Dakota group at Fort Harker, Kans., the Belly River series at Belly 
River, (Janada, the clay marl at Cliffwood, N. J., the Amboy clay 
at Woodbridge, N. J., the Montana formation at Point of Rocks, 
Wyoming, the Livingston beds in the Bozeman coal field of Mon- 
tana, etc. 

I have ver}^ carefully compared these specimens with the illustra- 
tions of Sequoia reichenhcu^hi in all the literature available, and I am 
not able to separate them from this form. As would be expected 
from such a mass of material, there are differences in size and to some 
extent in appearance, but these are connected by all possible grada- 
tions and are undoubtedl}- to be explained on the ground of robust and 
perfect development and the completeness of the suite of specimens. 

Locality, — Willow Creek, Fergus C/Ount}^ Mont., about 12 miles 
north of Musselshell post-office and 1 mile east of road from Junction 
City to Fort Maginnis. 

SEdUOIA ap.l (coneJL 
PI. XIV, fig. 2. 

From the Judith River beds 10 miles northwest of Wild Horse 
I^ake, Alberta, Mr. Stanton obtained a single, much-broken cone that 
appears to belong to Sequoia. It is globular in shape, being about 
8 cm. long and nearly the same in width, but it is somewhat flattened 
and the exact dimensions can not be ascertained with certainty. The 
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scales were very large and thick, apparently not raore than five show- 
ing in a vertical view. No attachment for the cone is observable. 

This cone appears to be very similar, except as regards size, to 
Sequoia heerii Lesq.,** from the western Tertiary. This, however, 
does not exceed 1.5 cm. in long diameter, while the one in hand exceeds 
3 cm., which is too great a difference for reasonable specific variation. 
This also suggests certain cones of S. reichenbachi as figured by 
Heer* from the Kome and Pattorfik beds of Greenland, but it is too 
much broken to be positive. 

Locality, — Judith River beds 10 miles northwest of Wild Horse 
Lake, Assiniboia. 

SBQUOIA HBTSSOPHTLLA! YelenoTiky. 

PI. XVI, fig. 5. 

Sequoia hderophylla Velenoveky, Gymnosp. d. Bohm. Kreidf., p. 22, PI. XII, fig. 
12; PI. XIII, figs. 2-4, 6-9. 

Among the hundreds of coniferous branches in this collection there 
is but a single one, together with its counterpart, that appeal's to 
belong to this species. It is a small piece, about 5 cm. in length, of 
the upper portion of a branchlet, and bears rather small, rela- 
tively broad and abruptly pointed leaves, which, in the lower part of 
the branchlet, are remote and approximately opposite. The leaves 
are slightly narrowed at the base and are decurrent for a considerable 
distance down the stem — in fact, reaching down to and apparently 
overlapped by the leaves next below. In the lower portion of the 
branchlet the leaves are open and spreading, but they become closer 
and more erect at the tip. 

The marked characteristics of this species as defined by its author, 
and as interpreted by Newberry from the Amboy clays, is the hetero- 
phyllous form of the leaves, those at the base of the branch lets being 
shorter, smaller, and more appressed; while above, the leaves are more 
scattered and spreading, though ordinarily not to the extent shown in 
the lower portion of the Willow Creek specimens. This, however, com- 
pares very closely with figs. 2-4 of Velenovsky's PL XIII (op. cit.), as it 
does with Newberry's PI. VI (op. cit.), figs. 3, 5, and 13. In the upper 
part of the branchlet, where the leaves become more erect, it is not pos- 
sible to distinguish our specimen from the ordinary branchlets of S. 
Tieterophyllu^, The lowest leaves preserved in the Willow Creek speci- 
mens are slightly smaller than those a little above, which is an indica- 
tion that, Jiad the whole branchlet been preserved, they would show a 
still further reduction. Thus I am convinced that the specimens in 
hand are correctly referred to the above species; yet, as there is but 

nTert. Flora: Kept. U. 8. Geol. Surv. Terr., vol. 7, PI. VII, flg. 13. Alec Newberry, Later extinct 
flora* of North America: Mon. U. S. Geol. Survey, vol. 35, 1898, PI. XL VII, fig. 7. 
*FL Foss. AxqX., vol. 3, pt. 2, PI. XX. flg8. 1, 2. 
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a single example, and this not a complete branchlet, I have hesitated 
to record the identification as absolutely certain. 

Sequoia heterophyUa was described by Velenovsky from the Upper 
Cretaceous (Cenomanian and Senonian) of Bohemia, and in this coun- 
try has been found abundantly in the Amboy clays by Newberry and 
sparingly in the Upper Cretaceous of Staten Island (Kreischerville) by 
HoUick,^ in the Tuscaloosa of Alabama by Smith,* and by Ward^ in 
the so-called Lower and Upper Albirupean (Later Potomac) of Virginia. 
In some of the localities above enumerated, except in the Amboy 
clays, it is not present in numbers sufficient to remove all suspicion as 
to the correctness of the determination, although the material was 
perhaps as satisfactory in some cases as that now in hand. 

Locality. — Willow Creek, Fergus County, Mont., about 12 miles 
north of Musselshell post-office and 1 mile east of road from Junction 
City to Fort Maginnis. 

THUJA CSETACEA! (Heer) KewlMrry. 

PL XVI, figs. 3, 3a. 

Thuja cretacea (Heer) Newberry, Flora Amboy Clays, p. 53, PI. X, figs. 1, la. 
Libocedrus cretacea Heer, Fl. Foes. A ret, vol. 6, pt. 2, p. 49, PI. XXIX, figs. 1, 2; 
PI. XLIII, fig. Id. 

The collection contains four small pieces which I am unable to dis- 
tinguish from Thuja cretacea. These specimens show very well the 
size and arrangement of the branchlets, but unfortunately they are not 
sufficiently well preserved to show clearly the shape of the leaves, 
though in one small area their outline can be faintly made out. I can 
see no difference in the size and disposition of the branchlets, nor for 
that matter in the leaves, between them and Thuja cretacea^ yet as 
there is a slight doubt, I have questioned the specific determination. 

Heer described his L^ocedrus cretacea from the Ataneschichten of 
Greenland, and apparently the same form was identified by Newberry 
from the Amboy clays of South Amboy, N. J. The latter author 
changed the generic name to Thuja on what seems good grounds. 

These specimens have some resemblance to Tkuja interrupta Newb.,^ 
from the Fort Union beds near the mouth of the Yellowstone, but are 
distinguished at once by their more slender, gi'aceful habit, and by 
not being enlarged at the extremity of the branchlets. 

Locality, — Willow Creek, Fergus County, Mont., about 12 miles 
north of Musselshell post-office and 1 mile eiist of road from Junction 
City to Fort Maginnis. 

a Trans. New York Acad. Sci., vol. 12, p. SO, PI. I, flg. 21. 

^Geol. Surv. Alabama, 1894, p. 948. 

<^ Potomac formation: Fifteenth Ann. Rcpt. U. S. Geol. Survey, p. 878 et seq. 

<i Later extinct floras of North America: Mon. U. S. Geol. Purvey, vol. 35^ PI. XXVI, figs. 5-5(1. 
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DAMKARA ACICUIARIB n. ip. 

PI. XV, figs. 2-5. 

Cone scales broad and very thick at apex, narrowed below into a 
broad, thick basal portion; apex broadly rounded, provided in the cen- 
ter with a long, slender, acute, apparently depressed awn; body of 
scale with several (8 to 10) strong apparently concentric ribs, which 
are pressed close together and pass down the narrowed basal portion 
&s thin striae. 

The collection contains a large number of these scales, evidently from 
a large cone, all of them detached and most of them widely separated, 
though occasionally several of them are found near together or even 
overlapping. The smallest one observed has a width of 11 mm. at the 
distal end, while the broadest one noted is 16 or 17 mm. ; the majority 
of them are 14 or 15 nmi. broad. The slender, awl-shaped awn shows 
an extreme length of 5 mm., but the usual length is 3 or 4 mm.; it 
appears to have been directed downward in the perfect cone. The 
length of the scales is about 18 mm., exclusive of the awn, and the 
width of the narrowed basal portion 3 or 4 mm. 

This species shows unmistakable affinity with forms descrilied by 
Heer from the Ataneschichten and Patootschichten of Greenland, but 
ma}^ be distinguished from them at once by the long, sharp awn. In 
size'it is perhaps nearest to Damviara mk^olepis Heer," which shows 
a width of 14 mm., but it is described by its author as having an obtuse, 
rounded apex and an attenuated base. In shape and the disposition of 
the ribs or striai it is more like D, horealw Heer,* but this is 22 mm. 
broad and has a shorter, thicker basal portion. 

Both the Greenland species are without the awn so characteristic of 
the specimens under consideration, though D. horealis is stated by 
Heer to have the apex apiculate. Doctor Newberry identified ^ this 
latter species in the Amboy cla3^s, where he states it to be abundant, 
but the only specimen he figures is as small as, or even smaller than, the 
smallest one observed from Willow Creek. The figure shows a short 
apiculate apex and is not unlike some of ours from which the awn has 
been broken, })ut as he has ''found numbers of them sometimes asso- 
ciated together, often scattered," and makes no mention of the pres- 
ence of an awn, it was probably not a character of the Amboy clay 
form. What is pro])ably the same species, though mentioned under 
the name of Eucalyptus (jeinitzi Heer,'' was found by Mr. David 
White in the Cretaceous of Marthas Vineyard, but the figured speci- 
men shows no evidence of the awn, nor is it mentioned, although Mr. 
White states that this species is one of the commonest forms present 

a Fl. FoHS. Arct. vol. 6, pt. 2, p. 5fj, PI. XL, fig. 5. 

hoy. cit.. p. f>l, in. xxvir, fig. 5. 

c Flora Amboy clnys: Mon. T'. S. (ieol. Survey, vol. 26. p. 47. PI. X. fig. 8. 

dAm. Jour. 8ci.,3d ser., vol. 39, 1«90, p. 98, PI. II, fig. 10. 
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at that place. The reasons for regarding Heer's Euealyptm geinitzi 
as at least generically similar to Dammara are well set forth by New- 
berry in his monograph on the Aml)oy clay flora (p. 47). 

The same form, or at least a form very closely allied to it, is 
described and figured by Velenovsky " from the Upper Cretaceous of 
Bohemia, also under the name of Eucalyptus geinitzi^ and it is also 
reported from the Cenomanian of Moravia. It would seem that these 
must all belong to one genus, and that a conifer. 

Locality, — Willow Creek, Fergus County, Mont., about 12 miles 
north of Musselshell post-office, and 1 mile east of road from Junction 
Cit}^ to Fort Maginnis. 

CTJNKINOHAMITEB ELE0AN8 (Corda) SndUeher. 

PI. XV, fig. 1. 

Cfunhinghamiies elegans (CJorda) Endlicher, Synop. Coiiif., p. 270. 
Vunninghnmia eltgans (Corda) in Reuse, Veretein. Bohm. Kreidef., pt. 2, p. 93, PI. 
XLIX, figs. 29-31. 

The collection contains portions of three or four thick branches, 
rather closely beset with long narrow leaves that I think must be referred 
without doubt to this species. The longest and best of these, shown 
on PI. XV, fig. 1, is about 15 cm. in length and shows a thickness of 1 
cm. While the leaves are not very well preserved, they are at least 3 
cm. long and 3 mm. or more in width, and the scars left on the branch 
by their fall are 5 mm. or more long and about 3 mm. broad; they 
are apparently 1-nerved. 

The specimen here figured, together with another smaller one, is 
not to be distinguished from figures of this species given by Newberry * 
from the upper part of the Amboy clay at Keyport, N. J. It is of 
about the same size, and has the same large leaves and scars. 

CunningJiarnites elegans^ first described from Moletein in Moravia 
and from Mseno in Bohemia, was also found by Heer^ in the Patoot 
l)ed.s of Greenland, and according to him the forms from the lower 
Senonian of Westphalia referred by Hosius and von der Marck'' to 
Cu^iningliamltes stiuamasuH should belong here also. 

Locality,— WxWoyf Creek, Fergus County, Mont., about 12 miles 
north of Musselshell post-office and 1 mile e^st of road from Junction 
City to Fort Maginnis. 

aFo«B. Fl. bohm. Kreidef., vol. 4, PI. II (XXV), figs. 8-11. 

ft Flora Amboy clays: Men. IT. S. Geol. Survey, vol. 26, p. 48, PI. V, lig. 1. 

<?F1. Fow. Arct., vol. 7, PI. LIII, fig. la. 

dFl. d. Weatf. Kreidef.: Palaeontogr., vol. 26, PI. XXXVIL 
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CUNHIIIOHAICITEB SEdTBYATUBI Hoiiiu and yon der Harek. 

PI. XVI, fig. 6. 

Ounninghamites recurvaius Hoeius and von der Marck, Fl. d. Westf. Kreidef. : 
Palseontogr., vol. 26, p. 179 (55), PI. XXXVII, figs. 143,144. 

Associated with the last is the specimen here figured, which seems to 
belong to this species. It is a fragment from the middle of a branch; 
is between 8 and 9 cm. in length, and 3 or 4 mm. in thickness. The 
leaves are not very well preserved, but they are over 2 cm. in length, 
and, so far as can be made out, about 2 mm. in width at or near the 
base, and taper from near the middle to a narrow, acute point. They 
arise at a low angle and are somewhat decurved. The scars left on the 
branch by their fall can not be determined, as the specimen is too poorly 
preserved at this point. 

In view of the fact that this species is not only found in the same 
beds with the last-mentioned species, but has a fragment of it on the 
same piece of matrix, it is entirely possible that this example is incor- 
rectly determined. It may possibly be a smaller branchlet of C. 
elegans with the leaves slightly recurved, but it agrees almost perfectly 
with the figures given of C. recui'vatu^^ and I have referred it provi- 
sionally to this species. The type locality of C. recurvatus is the 
Scaphites hirwdosus zone of the lower Senonian of Westphalia. 

Locality. — Willow Creek, Fungus County, Mont , about 12 miles 
north of Musselshell ix)st-office and 1 mile east of road from Junction 
City to Fort Maginnis. 

CTJNNDIOHAICITEB PULCHELLUB n. ip. 
PI. XVI, fig. 1. 

Branches apparently slender, leaves alternate, somewhat remote, 
broad and thick at base, turning abruptly at right angles to the stem, 
very long, narrow, sharp-pointed at apex, thick in texture and appar- 
ently deeply channeled above; leaf-bases large, oblong, obtusely acute, 
keeled and provided in the lower part with several fine striae. 

This form is represented by several very well-preserved branches, 
the best of which is here figured. The greatest thickness observed in 
a branch is 6 or 7 mm., and the least about 3 mm. Lateral branches 
slender, arising at intervals of some 2 or 3 cm. , alternate and nearly at 
right angles to the main branch. Leaves persistent for at least two 
seasons, disposed spirally, with enlarged bases closely appressed to the 
branch, just above which they turn abruptly at right angles and are 
then straight or sometimes slightly depressed. Length of the leaves 
from 2 to 3 cm., and their width 2 mm. or less. As stated above, the 
leaves appear very narrow and stiff, their upper surface apparently 
being deepl}' channeled. 

The specimen shown in PI. XVI, tig. 1, evidently represents por- 
tioDs of two seasons' growth, the lower ae^metvt^ showing the origin 
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of three lateral spurs, being clothed with shorter, more slender leaves, 
which are closer together, while the upper portion shows a period of 
more active growth, in which the leaves are slightly more scattered and 
larger and decidedly longer than those below. In all cases, however, 
the leaves just above their thickened base turn abruptly at right angles 
to the branch. By taking an impression of the branch with modeling 
clay or wax the original shape of the branch is approximately restored 
and the size and shape of the leaf bases become clear. It appears 
that the leaves are distributed on all sides of the branch in a regular 
spiral manner, a fact which is also shown in a fortunate fracture across 
the branch, showing the leaves going down into the matrix on what is 
now the underside of the stem. The thickened and ribbed base of a 
leaf is closely apprcssed to the branch, being overlapped at base by 
the leaves below and itself in turn partially overlapping the one next 
above. While there is no positive evidence to show how the leaves 
separated from the branch, it is probable that they were cut off at or 
near the point where the right-angled turn of the blade is made, which 
would leave behind the thick base. But, as already pointed out, it is 
certain that the leaves were persistent for some time, probably several 
seasons. 

This fossil form has been very carefully compared with the only 
living species of Cunninghamia {O. siJiensis) of China and Japan, and 
the points of agre^fnent are so many as to leave no doubt regarding 
their generic identity. In the living species the leaves are distributed 
in a spiral manner and have the same thickened bases, which overlap 
and are in turn overlapped by othei's, as in the fossil. By taking an 
impression in clay of a branch of about the same size as some of the 
fossil branches, a mold is obtained which agrees in essential particu- 
lars with the fossil impression. , By the strong curving of the leaves on 
the lower side of a branch they are made to assume a flat, more or 
less two-mnked disposition, and it is quite possible that a similar con- 
dition may have existed in the fossil. The leaves are evidently per- 
sistent for several years, as there is no evidence in any of the specimens 
available for study of a disposition to fall. The leaves in the living 
species, while of about the .same size and shape as in the fossil, differ 
in having finely serrate margins and several faint parallel ribs, instead 
of what appears to be a channel in the middle. 

So far as I have been able to find, the nearest approach among fossil 
forms to the one under consideration is the one which was called Abie- 
Utei< setigera by Lesquereux,** but which has been later regarded as 
merely rootlets, a view I have myself held; but since seeing the mate- 
rial from Willow Creek I am decidedly of the opinion that Lesquereux's 
specimens actually represent a conifer. It seems quite impossible, 
however, that they could belong to Ahielites on the ground of analogy 

aTer. Flora: Kept. U. S. Geol. Surv. Terr., vol. 7, p. 82, P). VII, figs. 17, 18. 
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with the living Ah!^s or Picea^ since in both these the leaves fall with 
the greatest ease. In discussing his Ahietites setigera^ Lesquereiix 
states that he had submitted it to Saporta, who infonned him that he 
had an undoubtedly identical form from the Upper Cretaceous of St. 
Paulet, Gaid, France. Saporta disagreed with Lesquereux as to the 
affinity of the fossil in question, but the latter does not mention what 
Saporta proposed to call it, nor have I thus far l>een able to find any 
mention of such a plant in Saporta's works, or of an account of the 
plants of St. Paulet. 

Among species of CunninglutmHes the one in hand appears to 
approach most closely to (7. recunntm Hos. and v. d. Marck,<» from the 
Lower Senonian of Westphalia; in other words, to the preceding spe- 
cies. In that species the leaves, while somewhat recurved, arise at a 
considerable angle, whereas in this the leaves are at a decided right 
angle. This difference is really not great, yet the appearance of the 
two is very different, but it is possible that with a larger series of 
specimens of the former this apparent distinction might disap{>ear. I 
have hesitated to think that there could be three well-marked species 
of so rare a genus in the same beds, 3'^et this is by no means without 
precedent. 

Locality, — Willow Creek, Fergus County, Mont., about 12 miles 
north of Musselshell post-office and 1 mile east of road from Junction 
City to Fort Maginnis. 

POPTTLTrS CBETAGEA n. ip. 
PI. XVII, figs. 1-5. 

Leaves coriaceous in texture, ovate or elliptical-ovate in shape, very 
obtusely wedge-shaped, sometimes almost truncate, at base; rather 
obtuse or somewhat rounded at apex; margin entire at base, becoming 
coarsely undulate-toothed above, the teeth usually very much rounded, 
sometimes more nearly acute, occiisionally with a small tooth between 
the larger ones; petiole slender, not fully preserved; midrib strong, 
passing straight to the apex; secondaries strong, 4 or 5 pairs, alter- 
nate, remote, lower pair arising at or a little above the top of the 
petiole, with several (3 or 4) branches on the outer or lower side, 
some of which pass directl}^ to the margin, while others unite into 
broad loops and send small branches to the teeth; upper secondaries 
straight, or more frequently curved upward, often forked, the 
branches passing to the teeth, or, especially in the upper part of the 
blade, with the secondaries uniting by broad bow well inside the mar- 
gin and sending slender branches into the teeth; nervilles rather 
obscure, apparently' irregular and mainly percurrent; finer nervation 
obscure. 

This species, if I am correct in supposing that all here included 
actually belong to one form, is a very polymorphous one and 
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shows considerable variation in size, shape, marginal teeth, and 
nervation, and yet with the ample material in hand it seems impos- 
sible to draw any satisfactory line between them. What is assumed 
to be the typical form is shown in PI. XVII, fig. 1. It is eilip- 
tical-ovate in general outline, with an abruptly and very obtusely 
wedge-shaped base and rather few, low, mostly rounded teeth, 
and has the lower pair of secondaries arising above the top of 
the petiole; its length is 6.5 cm. and its width about 4 cm. Agreeing 
with this in size and in the marginal teeth, but with a more nearly 
truncate base and the lower secondaries arising at the extreme base of 
the blade, is the form shown in fig. 5. Its length can not be ascertained, 
but the width is the same as that of the form first described. Of a 
smaller size and a more nearly elliptical outline is the leaf shown in 
fig. 3, in which the teeth are relatively larger and the lower seconda- 
ries apparently take their » origin above the l)ase of the blade. Its 
length is 4 cm. and its width 3 cm., and a little more than 1 cm. of 
the petiole is preserved. The smallest leaf regarded as belonging 
here is that shown in fig. 16rf. It is only 2.5 cm. in length and a little 
over 2 cm. in width. The extreme in another direction is exhibited 
in fig. 2, which is more nearly ovate in outline and has an abruptly 
rounded base with a small deltoid extension down the petiole. Its mar- 
ginal teeth are obscure, but so far as can made out the margin is 
merely undulate in the lower portion, but becomes regularly toothed 
in the upper part. The lowest pair of secondaries arise some distance 
al>ove the base of the blade. The length of this example is about 
6.5 cm. and the width 5.5 cm. It is possible that this last may not 
belong with the others, fiut I have several specimens which seem to 
connect it with them, and it may at least provisionally be regarded as 
the same. 

1 have been much puzzled as to the correct generic reference of 
these leaves, and had at first supposed that they belonged to Quercus^ 
but a somewhat extended search among living and fossil forms has 
not disclosed anything that can be regarded as especially close. Thus 
at first sight they seem to suggest certain of the forms of Querem weM- 
fulica Hos. and v. d. Marck,'* from the Upper Senonian of Westphalia, 
but in these the secondaries are much more numerous and in no case 
do the lower pairs arise at the top of the petiole, nor are they branched 
on the lower side as in the Willow Creek leaves. I have finally con- 
cluded, on the ground of their obvious and close resemblance to the 
leaves of the living Populiis grandidentata Michx., that they are best 
referred to Pojpulm, In looking through the specimens of the living 
species in the National Herbarium it is easy to select examples from 
many parts of the country in which the resemblance is really striking. 

aFl. d. Westf. Kreidef.: Palaeontogr, vol. 26, PI. XXIX and XXX. 
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They have the same ovate shape, with the rounded or obtusely wedge- 
shape base, and while the teeth vary somewhat in character, in many 
cases they are low and rounded, as in the fossil. The apex of the leaf 
is always pointed, but is more or less rounded in the fossil. The lowest 
pair of secondaries always arise at the very base of the blade, whereas 
in the fossil they may or may not do so. The other nervation is 
also quite like that in the Willow Creek specimens, but it is more 
inclined to be camptodrome, though not infrequently the secondaries 
enter the teeth directly. 

Locality. — Willow Creek, Fergus County, Mont, about 12 miles 
north of Musselshell post-office and 1 mile east of road from Junction 
City to Fort Maginnis. 

P0PULU8 ip. 
PI. XIX, fig. 1. 

The collection contains a single fragment that appears to belong to 
Popidus^ but it is, unfortunately, not well preserved. ' It is a small 
leaf, apparently almost circular in shape, being about 3 cm. broad 
and possibly a little less in length. The margin is uncertain, but 
appears to be undulate. The petiole is very long and slender, over 
2.6 cm. of it being preserved. The nervation consists of 6 ribs arising 
from the top of the petiole, the three middle ones being strong and 
once forked, the branches often uniting before reaching the margin, 
while the lateral ones on each side are slenderer and apparently 
unbmnched. At the base of each of these outside ribs is a small 
secondary branch which has much the appearance of another rib. 
The nervilles, so far as can be made out, seem to be irregularly retic- 
ulated. 

In size, shape, and the long petiole this fragment suggests Popuhis 
rqtundifolia Newb.,^ from the Fort Union beds of Montana^ but the 
nervation, as well as can be determined, appears different, and the 
margin can not be compared. In size and shape, also, it is like P. 
flabdhim Newb.,* from the supposed Upper Cretaceous of Puget 
Sound, but the nervation is quite different. The status can not be 
fixed until more and better material is forthcoming. 

Locality. — Willow Creek, Fergus County, Mont., about 12 miles 
north of Musselshell post-office and 1 mile east of road from Junction 
City to Fort Maginnis. 

P0PULITE8 AMFLU8 n. ip. 
PI. XVIII, fig. 1. 

Leaf coriaceous in texture, apparently very broadly ovate in shape; 
base destroyed, but apparently truncate; apex very obtuse and 

a Later extinct floras of North America: Mon. IT. 8. Geol. Survey, vol. 35, PI. XXIX, flgR. 1-4. 
«»0p. nit., PI. XX, flg. 4, 
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rounded; margin with apparently one large, obtuse, lateral lobe, but 
others provided with obscure, faint, remote teeth; midrib of moderate 
strength, somewhat zigzag in the upper portion; secondaries four 
pairs, craspedodrome, the lowest" pair straight, apparently opposite, 
and arising at or near the top of the petiole, provided with several 
branches on the lower side; upper secondaries remote, alternate, much 
arched upward, usually with two or three strong forks, all branches 
entering the margin in very slight marginal dentations; nervilles few, 
strong, and irregular. 

The example figured is the only one contained in the collection, and 
unfortunately this is imperfect in that it lacks the basal portion. It 
is a large leaf of thick texture, and so far as can be made out is very 
broadly and obtusely ovate in outline, with a single rather large lobe 
on one side and faint indications of scattered marginal teeth. The 
length is about 9 cm. and the width nearly the same; possibly the 
length may have been a little more when the leaf was in perfect shape. 
From the appearance of the larger, lower pair of secondaries it would 
seem that they were opposite and at or near the top of the petiole, 
giving rise to an obscurely 3- nerved condition. 

This form seems to find its closest relationship with the genus Popu- 
lites^ as described by Lesquereux, from the Dakota group. For 
instance, it suggests in a general way P. letigimus (Heer) Lesq.,*" being 
of approximately the same shape and with the same type of nervation, 
but it differs specifically in its much larger size and fewer, more arched, 
secondaries. In shape and disposition of the nerves it also suggests 
Popvlusf cordifolia Newb.,* from the Dakota at Blackbird Hill, 
Nebraska, which is figured as having a serrate margin. 

Locality. — Willow Creek, Fergus County, Mont., about 12 miles 
noilh of Musselshell post-office and 1 mile east of road from Junction 
City to Foil Maginnis. 

BSTVLITE81 HATCHEBI n. ip. 
PL XVni, fig. 3. 

Leaf small, apparently of firm texture, approximately circular in 
outline, slightly heart-shaped at base, rounded at apex; margin rather 
coarsely toothed, the teeth broad and obtuse (petiole not preserved); 
midrib strong, irregular or zigzag; secondaries, about five pairs, 
strong, especially the basal ones, which arise at a nearly right angle, 
the others being at an angle of 30^ or 40^; lower pair of secondaries 
with four or five slender tertiary branches on the lower side, which 
unite in a broad bow some distance inside the margin; upper second- 
aries forked at about two-thirds the distance between the midrib and 

« Flora Dakota groap: Mon. U. 8. Geol. Survey, vol. 17, PI. Vn. fig. 7; PI. VIII, fig. 6, etc. 
ft Later extinct floras of North America: Mon. U. S. Oeol. Survey, vol. 86. PI. Ill, fig, 7. 
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margin, the branches uniting and sending slender slips from the out- 
side of the bows to the marginal teeth; nervilles numerous, very 
strong, mostly unbroken and at right angles to the secondaries. 

This is another form represented by a single specimen, but it is well 
characterized by its small size, nearly circular or very broadly ovate 
outline, coarsely toothed margin, and peculiar strong nervation. The 
length is 2.5 cm. and the width about 3 cm. It is well shown in the 
figure. 

I am uncertain as to the proper generic reference for this little leaf. 
Although differing greatly in size, the shape and general character of 
the nervation are strongly suggestive of certain species of Viburnltes 
from the Dakota group of Kansas. Thus V, crasfms Lesq.** has a 
heart-shaped base and coarse-toothed margin as well as a strong nerva- 
tion, but the teeth are lower and more acute and the secondaries after 
forking do not unite so distinctly, but pass directly to the margin. A 
similar criticism applies to Vihurnites masoni Lesq.,* though with less 
force. Certain of Lesquereux's species of ProtophyUum^ which, by the 
way, are hardly to be separated from some forms of Vibvrnites^ agree 
very well in shape, but have a more or less peltate base and distinctly 
forking secondaries, while in Populites the margin is somewhat differ 
ent and the secondary nervation is strongly forked. Altogether this 
leaf seems to approach more closely to some of the forms of the 
highly polymorphous Betulites westii Lesq.,^ of the Dakota group. 
In size and shape it agrees very well with B, westii siibintegrifolius^ 
and in shape, size, and marginal teeth with B. westii reniformis. But 
in these forms, as well as in all but one of the other varieties, the sec- 
ondaries usually fork and pass to the margin without uniting. In 
B, westii greiciopsideus^^ however, the upper secondaries unite in 
exactly the same manner as in the leaf under considemtion, and it is 
consequently referred to the same genus, although with a mark of 
interrogation. 1 do not think this leaf is sufficiently close to any of the 
forms of BetuUttis westii to warrant placing it with them, but, as above 
indicated, it does not seem generically distinct from them. In any 
event it is a well-marked leaf and (;an easilv be identified if found in 
future. 

Locality. — Willow Creek, Fergus County, Mont., about 12 miles 
north of Musselshell post-office and 1 mile east of road from Junction 
City to Fort Maginnis. 

n Flora Dakota group: Mon. V. S. Geol. Survey, \rol.l7, PI. XLV, figs. 1-4. 
^0p. tit.. PI. XLV, fig. 5. 
':0p. cit., Pis. IV and V. 
'iOp. cit., PI. LXIV. fig. 10. 
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QTTEBCUB MOKTAKA n. ip. 
PI. XVII, fijr. 6. 

Leaf of firm texture, ovate in shape, with a very obtusely wedge- 
shaped base and an obtuse apex; margin perfectly entire below along 
the wedge-shaped portion of the base, regularly and coarsely undulate- 
toothed above, the teeth obtuse and rounded; petiole slender, of mod- 
erate length; midrib of moderate strength, straight; secondaries, four 
or five pairs, rather slender, alternate or subopposite, remote, passing 
directly to marginal teeth or forking and the branches entering the 
teeth; nervilles numerous, mosth^ unbroken. 

The example figured is all that can with certainty be referred to this 
form. It is ovate in sha|)e, with a peculiarly straight and obtusely 
wedge-shaped base and coarse-toothed margin. The length is about 
() cm. and the width about 5 cm., while the petiole, which seems to be 
entirely preserved, has a length of a little more than 1 cm. The 
nervation is well shown in the figure. 

I am uncertain as to the generic reference of this leaf, and it may 
|)ossibly be an extremely aberrant form of what has been described as 
Popahis ci'etacea (p. liB8), but 1 do not think so. It has the peculiar 
base described above, very regularly toothed margins, and the lowest 
pair of secondaries arising at a distance above the top of the petiole, 
although at the extreme base of the blade is a pair of very thin sec- 
ondary branches, which only proceed for a short distance. 

Among fossil forms this seems to find its greatest affinity with 
Querciis siuipecta Lesq.,'' from the Dakota group of Ellsworth County, 
Kans. The latter, however, is broader, being elliptical rather than 
ovate, more obtuse at apex, and has more numerous secondaries, 
which all seem to enter the larger marginal teeth. The finer nerva- 
tion is not preserved in the Kansas leaf mentioned. 

Lesquereux regards his species as being most closely related to Q. 
v'llmsit Hos., and Q, latisshnu IIos.,* from the Upper Cretaceous of 
Westphalia, but neither one seems to approach very closely to the 
form in hand. 

[.ornlity, — Willow C-reek, Fergus County, Mont., about 12 miles 
north of Musselshell post-office and 1 mile east of road from Junction 
City to Fort Maginnis. 

QTTEBCITB J17BITH£ n. gp. 
PI. XVIII, fig. 2. 

Leaf rather membranaceous in texture; apparently obovate in shape, 
truncate at base, and broadly rounded at apex; margin undulate- 
toothed, the teeth largest near the middle and becoming more shal- 

o Flora Dakota group: Mon. U. 8. Geol. Survey, vol. 17, PI. XLVII, fig. 7. 
frDicotyl. Westf. Kreldef.: Palaeontogr.. vol. 17. Pla. XII and XIII. 
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lowly undulate at the apex; midrib rather slender, zigzag, especially' 
above; secondaries slender, five or six pairs, alternate, remote, fork- 
ing, and sometimes ending in the marginal teeth, but usually joining 
the one above and sending thinner branches to the margin; finer 
nervation obscure, but apparently forming irregular meshes. 

The specimen figured is all that was found in the collection, and 
unfortunately this is quite imperfect, lacking most of the sides below. 
As nearly as can be made out it was obovate in outline, being about 
9 cm. in length and about 7 cm. in width. It seems to be allied to the 
preceding species and even to that described as Popvlvs cretdcea^ but 
its obovate outline and somewhat different nervation are perhaps suffi- 
cient to characterize it. 

Locality, — Willow Creek, Fergus County, Mont., about 12 miles 
north of Musselshell post-office and 1 mile east of road from Junction 
City to Fort Maginnis. 

BAPINDUB nrSXFBCTAKB n. ip.l 
PI. XVII, fig. 7 

Leaf small, membranaceous in texture, elliptical -ovate in shape, 
apparently rounded at base, obtuse at apex; midrib slender, straight; 
secondaries stout, about six pairs, subopposite, at an angle of about 
45*^, much curved upward, camptodrome, each joining the one next 
above; nervilles numerous, thin, mainly broken, and forming large, 
irregular areas. 

This little leaf, the only one contained in the x^ollection, is elliptical- 
ovate in outline, about 3.5 cm. in length and 2.25 cm. in width. The 
nervation is shown in the drawing. 

1 have not attempted much search for the close relatives of this spe- 
cies, as the single specimen available is of such a nondescript chaiucter 
that it would be difficult to work out satisfactorily its relationship. 

Locality, — Willow Creek, Fergus County, Mont., about 12 miles 
north of Musselshell post-office and 1 mile east of road from Junction 
City to Fort Maginnis. 

TRAPA1 MICBOPHTLLA Leiqnereiiz. 

From the base of the Judith River beds, at a point on Cow Creek 
about 13 miles above its mouth, Mr. Stanton has obtained about fifteen 
specimens of small detached leaves or leaflets that I am not able to 
distinguish from this species. While they are all smaller than the 
usual examples from the type locality (Point of Rocks, Wyoming), they 
agree well in shape and the marginal dentation, but unfortunately 
have not retained the nervation, or at most but slight traces of it. 
This species, or, at least, what has been so identified, has been figured 
by Dawson, in Tyrrell's collections from Bad Lands, Red Deer, and 
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Rosebud riverH, and Pincher Creek, Canada, the age of which he 
regards as '^ Lower Laramie,'^ and also a single doubtful example 
" from the Upper Laramie of Great Valley."^ 

Professor Ward found this species abundantly at Bums ranch, on 
lower Yellowstone River, Montana, in beds supposed to be of Fort Union 
age; but, as I have shown in the Flora of the Montana Formation (p. 
63 et seq.), I can not believe that these should be referred to T, micro- 
phyll<i^ for the reason that they are clearly compound leaves, rarely 
detached, whereas at the type locality and at all the points mentioned 
by Dawson they are always separated and show no evidence of having 
been compound. I found examples that are not to be distinguished, 
apparently, from the Burns ranch forms, on Wolverine Creek, in the 
Yellowstone National Park, in beds regarded as of true Laramie age, ^ 
and in 1896 Mr. Stanton and myself found a large number of detached 
leaves in Converse County, Wyo. , in clay beds in the lower portion 
of the true Laramie. ^ It may be that my presumption of two forms 
being mixed under this name is not valid, but it is certainly remark- 
able that at two localities they should always give evidence of being 
compound and at all the other localities appear as detached leaves, 
with no indication of being compound, especially as the material is 
ample in most cases. It must be confessed, however, that when deal- 
ing with isolated leaves or leaflets it is impossible to draw any satis- 
factory line between them. 

Locality, — Cow Creek, Montana, 13 miles above its mouth. 

TRAPA1 CUREATA Knowlton. 

Trapaf cuneaia Knowlton, Flora Montana formation: Bull. U. S. Geol. Survey No. 
163, 1900, p. 64, PI. V, fig. 6. 

The Willow Creek material contains a single, somewhat imperfect 
example, which is pi*actically indistinguishable from my T. cuneata 
from Point of Rocks, Wyoming. It has the same obovate-cuneate 
outline, being broad and obtuse above and wedge-shaped below, 
and shows the same obtuse teeth confined to the upper third of 
the blade. It is slightly larger, being about 2.6 cm. long and a little 
over 1.5 cm. wide, while the Point of Rocks species is 2 cm. long and 
slightly over 1 cm. wide. The only point of difference is a very slight 
one in the midrib, this in the type specimen being " slender, some- 
what flexuous, with sevei-al very slender, flexuous, often forking, 
branches," and in the one under discussion it is even less pronounced; 
in fact, hardly to be made out at all. But this character is perhaps not 
of much importance when considered in relation to the condition pre- 
vailing in Trapaf micropKyUa Lesq., of which a great many speci- 

aCf. Trans. Roy. Soc. Canada, vol. 4, p. 31 (1886). 

ftMon. U. 8. Geol. Survey, vol. 32, pt. 2, p. 661, PI. LXXVII. figs. 8, 4. 

c Flora Montana formation: Bull. U. S. Geol. Survey No. 168, p. 68. 

Bull. 257—05 10 
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mens liave been found, and in which the midrib is sometimes quite 
distinct and at others very faint or ahuost obsolete. The general 
nervation, however, is identical in the two specimens, and it seems 
safe to regard the Willow Creek example as the same as T, cuneata. 
It is not necessary to go into the question of the generic reference of 
these curious little leaves, as this has been done several times before. " 
Locality. — Willow Creek, Fergus County, Mont., about 12 miles 
north of Musselshell post-office and 1 mile east of road from Junction 
City to Fort Maginnis. 

DI08PYE08 J17BITH£ n. ip. 
PL XVIII, figs. 4, 5; PI. XIX, fig. 3. 

Leaves membranaceous in texture, elliptical-lanceolate in shape, 
broadest at or near the middle, from which they narrow about equally 
to the acute base and acuminate apex; margin entire; petiole short; 
midrib of medium strength for the size of the blade, straight; second- 
aries five or six pairs, thin, alternate, irregular, camptodrome, arching 
well inside the margin and joining the one next above; lower second- 
aries very thin and forming a series of bows just inside the margin; 
nervilles numerous, very thin, mainly percurront, and approximately 
at right angles to the secondaries. 

This form is represented by about half a dozen examples, which show 
such a range in size as to suggest the possibility of two species being 
confused, but there seems no other line except that of size to be drawn 
between them. They all have the elliptical -lanceolate outline and are 
all about equally narrowed to both base and apex. The largest, shown 
in PI. XVIII, fig. 5, is about 6 cm. long and 3.5 cm. wide; it is quite 
imperfect, lacking the apex and most of one side. The next in size, 
shown in fig. 3, is 4.5 cm. long and 2.25 cm. wide; its petiole, seem- 
ingly entire, is 4 mm. in length. In fig. 4 is shown the smallest leaf, 
this being 3 cm. long and about 14 mm. wide. 

These leaves are referred to the genus Diospyros from their agree- 
ment with certain leaves from the Dakota group of Kansas so referred 
by Lesquereux. For example, it is similar to some of the leaves 
referred to D, kansaseana Lesq.,* but more particularly with D. pri- 
mxva Heer,^ which was originally from the Dakota group of Nebraska, 
but also since found in Kansas. In both of these species, however, 
the secondaries are more numerous than in the Willow Creek speci- 
mens, and the petiole and midrib are much stronger. 

It was at first supposed that these leaves should belong to the Celas- 
traeeffi on account of their resemblance to certain forms of Cddstrus^ 

aCf. Flora Montana formation: Bull. U. S. Geol. Survey No. 163, pp. 62-64. 

h Flora Dakota tn'oup: Mon. U. S. Geol. Survey, vol. 17, PI. XVII, figs. 1, 2, etc. 

cQp. cit., PI. XX, fig«. 1, 2. 
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EiU)nymii8^ etc., but the resemblance is perhaps closer with Diospyroa^ 
as above pointed out. 

Locality, — Willow Creek, Fergus County, Mont., about 12 miles 
north of Musselshell post-offlce and 1 mile east of road from Junction 
City to Fort Maginnis. 

CA8TALL1 STAKTOKI n. ip. 
PI. XIX, fig. 4. 

Leaf large, evidently thick and of firm texture, approximately cir- 
cular in outline; deeply cordate at base, the sinus rather broad and 
the lower lobes rounded; apex very obtuse and rounded; margins 
very faintly and obscurely toothed; petiole evidently thick and strong; 
nervation pinnate, the midrib relatively thin, straight; secondaries, 
five or six pairs, strong, subopposite, arising at an angle of about 46^, 
lowest secondaries with several (four or five) branches on the lower 
side, which fork two or three times and supply the lateral lobes, the 
branches passing to the minute marginal teeth; upper secondaries 
with one to three, occasionally uniting forks, the ultimate bi*anches 
entering the marginal teeth; nervilles numerous, strong, mainly 
broken. 

This splendid leaf, which is preserved practically entire, is the only 
one of its kind in the collection. It is nearly circular, the length from 
the top of the petiole to the apex being about 11 cm., and the width at 
the broadest point a little more than 12 cm.; the lateral lobes extend 
downward below the top of the petiole for a distance of about 2.5 cm. 
While the central or midrib is not particularly strong, the remainder 
of the nervation is abundantly so for the size of the leaf. 

There seems to be little or no doubt as to the propriety of referring 
this leaf to the genus Castalia^ since, for example, it agrees very 
closely in size and shape with many leaves of C, odorata of eastern 
North America or C. (dha of the Old World. It has, however, a 
shallower, broader basal sinus than is usual in most leaves of these 
species, and the lobes are more obtuse and rounded, yet in this respect 
it is not greatly unlike other species, such, for instance, as what has 
been called C. e/^a/w (Hook.) from Guatemala. In most species of 
Castalia the margin is perfectly entire, yet there are notable excep- 
tions, as in C. ampla (Salsb.) of Mexico and the West Indies, C. lotus 
and C, tliennalis of the Old World, and C, gigantea (Hook.) of Aus- 
tralia. In the fossil form under consideration the margin is very 
slightly but unmistakably toothed. As regards nervation, in most 
living species of Castalia the secondaries after forking are more or 
less united, thus inclosing a large and one or two series of smaller 
areas, while in some — e. g. C, ampla — the secondaries are practically 
united from near the midrib into numerous series of large aerolse. In 
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the splendid C, gigantea of Australia, however, the secondaries are 
little or not at all joined, but fork several times and send the ultimate 
branches to the margin. Thus, as regards marginal dentation and 
neivation, our fossil leaf seems to agree most closely with the Australian 
species mentioned. 

The only other species of the genus thus far detected in this coun- 
try is the doubtful Castalia? dutUmiana Knowlton " from the Montana 
formation at Dutton Creek, Laramie Plains, Wyo. This latter form, 
however, is a very different leaf, being hardly half the size of the one 
before us, broadly elliptical, very slightly heart-shaped at base and 
entire-margined; the nervation is also different, and it may not be 
correctly referred to Castalia, 

Locality. — Willow Creek, Fergus County, Mont, about 12 miles 
north of Musselshell post-office and 1 mile east of road from Junction 
City to Fort Maginnis. 

PHYLLITE8 DENnCTTLATUB n. gp. 
PL XIX, fig. 2. 

Leaf of small size and very thick texture; shape ovate, being appar- 
ently rounded at base and obtusely pointed at apex; margin entire 
at base, becoming strongly toothed above, the teeth being slender, 
sharp-pointed, and upward or outward turning; midrib rather slender, 
apparently zigzag; secondaries, three or four pail's, alternate, arising 
at a low angle and much curving upward, craspedodrome, entering 
the teeth, or forked and the branches entering the marginal teeth; 
finer nervation not observable. 

This little leaf, the only one of its kind found in the collection, is 
evidently of thick texture, as the nervation can be made out with diffi- 
culty. It lacks lK)th base and apex, but as nearly as can be deter- 
mined its length was about 2 cm. and the width 1.5 cm. 

I am uncertain as to the generic relations of this leaf, and moreover 
the single example is hardly well enough preserved to warrant specu- 
lation on this point. 

Locality, — Willow Creek, Fergus County, Mont., about 12 miles 
north of Musselshell post-office and 1 mile east of road from Junction 
City to Fort Maginnis. 

PHYLLITE8 DTTSIGATA n. gp. 
PI. XVIII, fig. 6. 

The collection contains also another fragmentary example of a small 
leaf of doubtful affinity. It appears to have been rather membrana- 
ceous in texture, rcgularh^ ovate in shape with an apparently truncate 
or slightly cordate base and an acute apex. The margin is provided 

aFlom Montana formation: BuU. U.S. GeoV. Survey No. 163, p. 55, PI. XlII, fig. 7. 
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with a few relatively large, coarse teeth. The nervation is very thin, 
consisting of a slender, straight midrib, and two or three pairs of 
very thin secondaries which arise at an acute angle and are greatly 
curved upward, ending apparently in or just below the sinuses. The 
length of this little leaf was 2 cm. and the width about 1.25 cm. 

This leaf suggests in a way certain herbaceous plants, but I am 
wholly at a loss as to its probable affinities, and simply present it in 
the hope that more material may subsequently be secured. 

Locality, — Willow Creek, Fergus County, Mont, about 12 miles 
north of Musselshell post-office and 1 mile east of road from Junction 
City to Fort Maginnis. 

GABFITE8 J17BITH£ n. ip 
PI. XVI, fig. 4. 

Fniit evidently of firm texture, possibly a stone fruit; broadly 
obovate in shape, with a rather broad point of attachment and a regu- 
larly and obtusely rounded apex; fruit marked with numerous fine striae 
which arise at the apparent base, at which point they are slightly 
stronger, and after spreading slightly in the middle converge toward 
the apparent apex. 

The fruit here figured is all of its kind in the collection. It is per- 
fectly preserved. It is rounded obovate, 14 mm. long and 11 nmi. 
broad. It is provided with numerous fine stria3 which converge at 
what is assumed to be the apex. The smaller end is presumed to be 
the point at which it was attached, as the striae or ribs are thicker at 
this place. Its affinity is unrecognized. 

Locality,— y^\]\QW Creek, Fergus County, Mont., about 12 miles 
north of Musselshell post-office and 1 mile east of road from Junction 
City to Fort Maginnis. 

GABPITE8 PBUKI n. ip. 
PI. XV, fig. 6, 6a. 

Fruit apparently of shelly or bony texture, broadly and obtusely 
ovate in shape, basal part rounded and apparently truncate; apex 
obtusely rounded; body of fruit marked with a marginal rib or thick- 
ened rim, and two or three longitudinal ribs. 

This fruit is also the only one of its form contained in the collection. 
It is broad or elliptical-ovate in shape, with a ver}' broad base and an 
obtuse apex. The length is 13 mm. and the width 11 mm. It sug- 
gests in a remote way the stone of a Ptnnua^ but its affinity is a mat- 
ter of question. 

Locality, — Willow Creek, Fergus County, Mont., about 12 miles 
north of Musselshell post-office and 1 mile east of road from Junction 
City to Fort Maginnis. 
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CABFITE8 ALATU8 n. ip. 
PI. XVI, fig. 2. 

The collection contains two specimens of a very peculiar winged 
fruit that I am unable to determine satisfactorily. The best example, 
shown in PI. XVI, fig. 2, is two-winged, the wings being broad and 
rounded, and separated by a deep, rounded sinus. The portion con- 
taining the nucleus extends as a long point, wingless (?) at the 
apex, but with the wings apparently arising below the apex 
and extending backward. The length over all is about 12 mm. and the 
greatest width about the same, the nuclear portion from the rounded 
sinus between the wings to its apex has a length of 6 mm., and the 
greatest width of the individual wings about 5 nun. In another 
example, which is presumed to be the same species, there is shown 
just one-half of the fruit, with the sharp-pointed nuclear portion and 
large rounded backward-extending wing. The dimensions are about 
the same as in the other. Neither shows any apparent point of 
attachment. 

The other specimen, which has not been figured, is not unlike a 
single-winged coniferous fruit, such as Pinus^ Abies^ etc., while the 
figured one suggests the same, except that there is no evidence of a 
line of division between them, as should be the case if it is a double 
fruit. There seems to be only one nucleus or seed provided with a 
double wing in this specimen, but if the other example really belongs 
with it, it is probable that the division line is too obscure to l)e made out. 

It is to be presumed that these are the fruits of a cone-bearing tree, 
possibly Plmui or something not greatly different, but in view of the 
anomalous features presented it is deemed best, as the material is so 
scanty, to present it here under the name of Carpites and wait for 
future material to settle the question. 

Locality. — Willow Creek, Fergus Countj^ Mont., about 12 miles 
north of Musselshell post-office and 1 mile east of road from Junction 
City to Fort Maginnis. 

T>I8CU88I01Sr OF THE FliORA. 

In 1900, when I published my paper entitled "Flora of the Mon- 
tana Formation," I took occasion to describe a small collection of fossil 
plants from a point on the right bank of Missouri River about 7 
miles below the Coal Banks, just below the Great Bend of the Mis- 
souri. The beds whence these plants came were at the time supposed 
to be of Belly River age, as they appeared to be essentially In the 
position occupied by beds so called by the Canadian geologists, beyond 
the international boundary. 

After setting forth briefly the then current though somewhat con- 
flicting opinions regarding the areal extent and stratigraphic position 
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of the Belly River beds, I offered as an excuse for including the plants 
in the Montana flora the contention of some writers, notably Dr. 
C. A. White, that these beds were synchronous in part at least with 
the Montana formation, instead of being wholly below it, as held by 
others. Subsequent events have proved that it was correct to include 
them in the Montana flora, though not within the Belly River beds as 
at present understood. 

At the time my bulletin was in press Mr. W. H. Weed had in course 
of publication his Benton folio,^ in which he separated the plant- 
bearing beds in the vicinity of the Coal Banks under the name of the 
Eagle formation. He placed it between the Colorado and Montana 
groups, as separating them, but the subsequent investigations of 
Messrs. Hatcher and Stanton,* as already set forth in this bulletin, 
make it the lowest member of the Montana group, and separated by 
the Claggett formation from the Judith River beds, which are now 
regarded as the complete equivalent of the Belly River beds. 

The beds below the Coal Banks have afforded the following forms of 
plants:*^ 



Thinnfeldia montana Knowlton. 
Quercus? montaneiisis Knowlton. 
Ficus missouriensis Knowlton. 
Juglans? missouriensis Knowlton. 



Laums? sp. 

Liriodendron alatuni Newberry M8S. 

HoUick. 
Platanus? wardii Knowlton. 



As these plants were supposed at that time to belong to the Belly 
River beds, 1 assembled for purposes of comparison a list of all the 
known fonns that have been found in beds regarded as of this age in 
the Canadian Belly River. The result was disappointing, for not one 
of the Coal Banks species was found to be identical with or to have 
special affinity with the Canadian Belly River, but on the other hand 
they did show an unmistakable affinity with the Dakota group, and 
two species {Thinnfeldia viontaiia and Liriodendron alatwri) were 
regarded as belonging to the true Laramie. The species of Lirioden- 
dron^ with which the Coal Banks form seems identical, was described 
originally from very rich plant deposits at Florence, Colo., and while 
this material has not yet been worked up, I am of the opinion that it 
may prove to be older than the true Laramie, and on this point Doctor 
Hollick now agrees with me. 

The other species {Thinnfeldia montana) 1 was not able to separate 
from examples found in the Laramie of the Bozeman coal field. 

As regards the affinity of the Coal Banks leaves with Dakota group 
forms, I probably underestimate rather than overestimate it; in fact, 
1 should incline to regard what 1 then called Platanus f wardii as a 

a Geologic Atlas of United States, folio 55. 

bct. Science, Aug, 14, 1908, Vol. XVllI, pp. 211, 21^ 

Flora Montana Fonnation, pp. 11-15, Pla. I, II. 
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species of PopuUtea^ possibly the same as Lesquereux's P. elegans^ 
from the Dakota group at Fort Harker, Kans. ; and further, it would 
not have done great violence to the facts had I identified my Ficus 
misaoariensis with Ficus glascoeana Lesq., and Laurus sp. with Laurua 
knawltoni Lesq., both from the Dakota of Elansas. There are slight 
differences, however, as I pointed out at the time, and it is perhaps 
best to regard them as distinct, at least until further material can be 
obtained. 

So far as it seems possible to ascertain at the present time, it ts 
more than likely that the Eagle formation will be found to be identical 
with the Dunvegan group of Dr. G. M. Dawson,* for the stratigraphic 
position, lithologic character, and fossil plants are similar. 

From the Dunvegan group Sir William Dawson described*^ 19 
species of plants, of which number six or seven were regarded as 
identical with Dakota group species, and a number of others were 
quite close to forms well known in the Dakota. Although none of 
the species from the Dunvegan group are regarded as actually iden- 
tical with those of the Eagle formation, there are several that are not 
distantlv related. 

Since the delimitation of the Eagle formation, which carried with it 
the only fossil flora supposed to belong to the Belly River beds south 
of the international boundary, there have been no known plant-bearing 
beds of this age in the United States. The fortunate discovery by 
Messrs. Hatcher and Stanton of rich plant deposits in the Judith 
River beds on Willow Creek, Fergus County, Mont., about 12 miles 
north of Musselshell post-office and 1 mile east of the road from Junc- 
tion City to Fort Maginnis, has now furnished a flora of at least 28 
forms, as follows: 

Fossil jdaiiU found in Judith River formation. 



Fern, indeterminable. 

Fern, indeterminable. 

Osmunda montanensis n. sp. 

Cyperacites? sp. 

Sequoia reichenbachi (Gein.) Heer. 

Sequoia heterophylla? Vel. 

Sequoia sp.? 

Thuja cretacea? (Heer) Newb. 

Dammara acicularis n. sp. 

Cunninghamites elegans (Corda) Endl. 

Cunninghamitea recurvatus Hos. and v. 

d. M 
Cunninghamites pulchellus u. sp. 
PopuIuB cretacea n. sp. 
Populus sp. 



Populites amplus n. sp. 
Betolites? hatcheri n. sp. 
Quercus montana n. sp. 
Quercus judithee n. sp. 
Sapindus inexx>ectans n. sp. 
Trapa? microphylla Lesq. 
Trapa? cuneata Know 1 ton. 
Diospyros Judith® n. sp. 
Castalia stantoni n. sp. 
Phyllites denticulatus n. sp. 
Phyllites intricata n. sp. 
Carpites judithee n. sp. 
Carpites pruni n. sp. 
Carpites alatus n. sp. 



a Flora Dakota Group, PI. XL VII, fig. 8. 

bQeol Siirv. Canada, Rept. of Progres, 1879-80 (1881), p. 115B. 

Trans. Roy. 8oc. Canada, Vol. I, Sec. IV, pp. 20-28. 
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In order that this flora may be compared with that from the beds 
north of the international boundary, it will be desirable to first present 
a complete list of the latter as left by Sir William Dawson. The fol 
lowing enumeration is from Bulletin No. 163 (p. 15) and is believed to 
be complete: 

Fossil plants found in Canada. 



Pistia corrugata Leaq. (leaves). 

Pinufl or Abies, type of Pityoxylon 

(Wood). 
Sequoia, type of S. gigantea (Wood). 
Sequoia, type of S. 8em])erviren8 ( Wood) . 
Sequoia reichenbachi (Gein ) Heer 

(leaves and branches). 
Thuja, type of T. occiden talis (Wood). 
Taxites, type of Taxus bac(*ata (Wood). 
Ginkgo, type of G. biloba (Wood). 
Ginkgo? (fruit). 
Lemna scutata Dawson (leaves). 



Populus acerifolia Newb.? (leaf). 

Populus latidentata Dawson (leaves). 

Popu lua sp. ( Wood ) . 

Betula sp. (Wood). 

Ulmus sp. (Wood). 

Carya sp. (Wood). 

Nelumbo dawsoni Hollick (Brasenia 

antiqua Dawson) (leaves). 
Trapa cf. T. borealis Heer (fruit). 
Platanus nobilis Newb. 
Platanus ? sp. ( Wood ) . 
Acer saskatchewense Dawson (leaf). 



Much of this material is in the form of wood that has never l)een 
completely studied and is consequently of little value in an attempt to 
fix the age. If all of the remaining forms were correctly determined 
it would show the presence of a very remarkable association of spe- 
cies, but, as I have before suggested, it is more than likely that more 
than one horizon is represented. A reexamination of the evidence 
offered by Dawson leads me to place even less confidence in the deter- 
minations, since it shows how meager and uncertain much of the evi- 
dence was. Thus, of the presence of Piatanus nobilis in the same beds 
(near Medicine Hat) with Ndmnbo dawsatii^ Pistia corruxfuta^ Lemna 
scutata^ Trapa^ etc., he says:^ " There are also fragments of the great 
leaves of Plataniis nobilis and the Popvliis and ^<?^ described below." 
So far as I can find, this is the only mention of material referred to 
this species, yet in subsequent mention it takes its place in lists and 
elsewhere with unquestioned value. So also with Populus dcerifoUa 
Newb., the only mention of which is under his P, latidentata^^ where 
he states that "in the same matrix with the above are fragments of 
leaves of another Populus^ of the type of P. acerifolia Newberry." 
Both of these species are typically Fort Union, and have never, so 
far as I know, been authentically identified in older beds, and I am 
consequently of the opinion that the present evidence is not suffi- 
cient to warrant regarding them as species of the Belly River or 
Judith River beds. 

After dropping Platanus nobilis and Populus acerifolia^ as seems 
warranted, we have left but three duly authenticated species in the 
Canadian Belly River beds that enjoy an outside distribution, viz: 



a Trans. Roy. Soc. Canada, Vol. Ill, Sec. IV, p. 16, 1886. 
b Op. cit., p. 16. 
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PUtia corrugata^ which occurs in the Montana at Point of Rocks, Wyo- 
ming; Seqicoia reicheribach% which occurs widely throughout the 
Cretaceous of nearly all parts of the world, and Lemna seutata^ which 
was described originally from the "Lignite Tertiary" near the forty - 
ninth parallel, and subsequently detected by Professor Ward in the 
Fort Union at Burns ranch, Montana, and by Dawson in the Laramie 
at Wood Mountain and Pincher Creek, British Columbia. Lesquereux 
reported it from Point of Rocks, Wyoming, but, as I have shown in 
Bulletin No. 163,** one of the examples he so identified is a small leaf of 
PiHtia corrugata and the other a Nehimho {N, intermedia Knowlton). 

As to the affinities of the other named species, it may be mentioned 
that Nelumho dawsam is very closely allied to my If. intermedia f rom^ 
Point of Rocks, Wyoming, while the other two species (Poptdus latiden- 
tata and Acer saskatcheivenHe) are not figured, nor are they described 
with sufficient fullness to permit of satisfactory comparison with other 
forms. 

Turning now to the species described in this paper, mainly from 
Willow Creek, Montana, the reader will observe that the most striking 
feature of the list is the preponderance of conifers shown, since 8 of 
the 28 forms, or nearly one-third, belong to this group, and when the 
actual number of individual specimens is considered it is safe to say 
that fully nine-tenths belong to these species; and it may be added that 
the only species common to the Willow Creek locality and the Judith 
River beds north of the international boundary is Sequoia reichenhaehi. 
This species, as already pointed out, is exceedingly abundant at the 
Montana localit}^ and Dawson speaks* of it as being abundant also 
at Medicine Hat in the Canadian beds of this age. It is possible that 
if the dicotyledons described by Dawson were illustrated they would 
show affinity with some of those I have described from Willow Creek, 
but this can not be determined now. 

Of the 28 forms enumerated in this paper the following species 
enjoy an outside dispersal: 



Cunninghamites elegans. 
Trapa? microphylla. 
Traim? cuneata. 



Sequoia reichenbachi. 
Sequoia heterophylla? 
Thuja cretacea? 
Cunninghamites recurvatus. 

As already mentioned, the first species {Sequoia reicJienho/cM) is very 
widely dispersed throughout the Cretaceous, occurring more or less 
abundantly in this country from the Potomac to the Livingston beds. 
Sequoia heterophylla^ described originally from the Cenomanian and 
Senonian of Bohemia, has been found abundantly in the Amboy clays 
and sparingly at a number of other Upper Cretaceous localities. 
Thuja cretacea was first known from the Ataneschichten of Greenland, 

a Flora Montana formation, p. 31. 

^TraiiB. Roy. Soc. Canada, Vol. Ul, Sec. IV , v- VI V^^vd^x Soliatmn'aV 
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and has been found by Newberry in the Araboy clays, while Oiinning- 
hamites degana occurs in the upper part of the Amboy clays, in the 
Patoot beds of Greenland, and in the Upper Cretaceous of Moravia, 
Bohemia, and Westphalia. Of the two species of Trapa^ T, cuneata is 
known only from, and 71 microphylla originally from, the Montana at 
Point of Rocks, Wyoming. As set forth under 71 microphylla (p. 145), 
it has been found also in the true Laramie and in the Fort Union. 

Of the species that I have described as new, Danimara acicidaris is 
perhaps nearest to D. microlepis Heer, from the Atane and Patoot 
beds of Greenland, and also under the name of Eucalyptus geinitzi 
from the Cenomanian of Moravia and the Upper Cretaceous of Bohe- 
mia and Marthas Vineyard. Cunninghamites pulchdltcs aeems U> be 
nearest to C. recurvatus^ the distribution of which has already been 
given. The affinities of Populus cretacea are uncertain, but are per- 
haps closest with certain forms of Quercus described by Hoseus and 
von d. Marck from the Upper Senonian of Westphalia, while Populus 
sp. is very suggestive of forms of this genus, such as P. rotundifolia^ 
from the Fort Union beds. The single large leaf that I have described 
as Populites amphis is quite closely related to certain species of this 
genus from the Dakota group, and BetuUtea hatchei^i is close to B, 
westii renifonnis Lesq. , and Quercus montana approaches Q. suspecta 
Lesq., both from the Dakota. Sapindus inexpectafut^ based on a single 
small leaflet, has no very definite relationship, while the species of 
PhylUtes and CarpitesB^T^m much the same state. I}io»pyros judithae 
is very suggestive of i?. hansaseana Lesq., or more particularly D. 
primijdva Heer, from the Dakota of Kansas and Nebraska, while the 
large leaf described as Castalia stanUmi is quite unlike anything thus 
far obtained in this country. 

From this review it appears that the flora of the Judith River beds 
that has thus far come to light shows very little affinity with the true 
Laramie or the Fort Union, but does exhibit an undoubted relation- 
ship with that of the Dakota group or with the Cenomanian and 
Senonian of the Old World, or, in broad terras, with the lower and 
middle portions of the Upper Cretaceous. 
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PLATE XIV. 

Fig. 1. Fcm, indeterminable, enlarged 3 times 129 

Fig. 2. Sequoia pp.? 181 

Figs. 3, 4, 6. Sequoia reichenlmchi (Gein. ) Heer 131 

Fig. 6. Osmunda montanensis n. sp., enlarged 2 times 129 
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PLATE XV. 

Page. 

Fijf. 1 . Cimiiinghamitefl elejrane (Corda) Kndlicher 135 

Figs. 2-5. Danimara acicularis n. sp 134 

Fig. 6. Carpites pruni n. sp 149 

Fig. 6a. Carpites pruni n. sp., enlarged 3^ times 149 

Fig. 7. Fern, indeterminable, enlarged 3 times 129 
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PLATE XVI. 

Fig. 1. CunninghamiteB pulchellus n. np 136 

Fig. 2. Carpites alatus n. ep 150 

Fig. 8. Thuja cretacea ? (Ileer) Newberry 133 

Fig. :^. Same enlarge<l 3 times 133 

Fig. 4. Carpites judithae n. sp 149 

Fig. 5. Se<iiioia hetcrophylla ? Vel 132 

Fig. 0. Cunninghamites recurvatus ? HohIus and von der Marck 136 
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PLATE XVII. 

Page. 

Figs 1-5. PopuluB cretacea n. sp 138 

Fig. 6. Querciifi inontana n. ep 143 

Fig. 7. Sapindu8 inexpectans n. sp 144 
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PLATE XVIll. 



Fig. 1. Populltes amploB n. sp 140 

Fig. 2. Quercus juditbse n. sp 143 

Fig. 3. Betulites? hatcheri ii. sp 141 

Figs. 4, 5. Dioepyros juditbae n. sp 146 

Fig. 6. Phyllitee intricata n. sp 148 
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Fig. 1. Populussp 140 

Fig. 2. Phyllitefl denticulatus n.sp 148 

Fig. 3. DioBpyros juditha? n. sp 146 

Fig. 4. Castalia stantoni n. sp 147 

168 



INDEX. 



Names in italic are synonymR*. fif^un^ in blarlc-face typo denote png(*8 «m which description!! are 
given: italic tigurcn refer to illuMtratioiis. 

A. Page. ' I'ttge. 

Abies 153 | Bearpaw shalon, view of 44,46,48,M 

Acer saslcatche weh.<ie Dawson ir>»-lo4 Beaver ('reelc, exposures on 47 

Aeipenaer alliertensis I^mU^ fiO-ol . 69 Belly River Ix'ds, character of 23, 24, '27 
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Amphibia <'>9-71 occurrence of 24-27 
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micronema Meek 106 

sp 10 

Arapahoe formation, mention of 29 

As«iniboia, section in 52,53.54.63 

Aublysudon mirandus Ix'idy 50, 8S-84 

Austin formation, Niobrani correlated with. 11 

fossils of 

Aves 



occurrence and character of 11-12, 

40,41,45,56,60,62,64 

Betulasp. (woodof) 158 

BetulitCM? hatcheri Knowiton, n. sp 141, 

152, 1.%, 166 

Billings, Mont., Judith River beds near 61 

Birch Creek, Judith River beds on and 

near 88-41 

location and character of 38-39 

view on 88, 40 

Bitter Creek bed.s, inchision of, in Laramie, 

by White 26-27 

11 I Black Butte, Mont., Judith River beds In.. 51 

99 Black Diamond Cotil Co., mines of 48 
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47,55,57,58 
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jaw of, figure showing 100 



14. BottosAurus i)errugo6us Copt* H« 



89,65,58,100 
BubarcutUH Meek and Hayden 106 



B. 



Baculites asper Morton (?) 1 1, 25. 52. 60 

compressus Say 13. 14, 44, 45, 47, 54, 65, 5M 



Boxelder Creek, Judith River beds on 48 

Bra.oenia antiqua Dawson 153 

BrowuK Coulee, Judith River Iwds on 50 

Bulinus atavuM White 119 

subelongatUM Meek and Hayden 118 



C. 



ovatusSay , 



13, I Callistadeweyi Meek and Hayden... 14,30,58,54 



14 , 37, 39, 41, 44 , 45, 48, 49, 53, .54, 56, 58 , 

8p 12, 13, 15. 16, 37, 39, 44, 45, 56, 57 | 

Badlands of Judith River, character and 

location of 16,31-32 | 

view of 46 

Baena antiqua Ijimbi* 7H-79 



nebnu*<'en8i.s M eek an<l Hayden 56 

sp 39 

(^ampeloma multilineuta Mee!: and Hay- 
den 114 

prrMlucta White 114 

vetula Meek and Hayden 41, fH), 114, 122 



hatcher! Hay 79 C^inada, Judith River plants from 153 

Baroila sp 12, 3<i. 37, 39 Canliuni specloHum Meek and Hayden 10, 

Basilemysitobricariiw^C "..!»<') 77' 12, 13. 20, 3<». 37. 39, 44, 52 
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